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FOREWORD 

This technical report covers Phase II of a multiphased development program to provide the 
High Altitude Supersonic Target (HAST) for triservice use. The program is under the sponsorship 
of the Air Force Armament Laboratory, Eglin Air Force Base, Florida. Colonel Kenneth E. Stout 
(DLMH) is the Program Manager. 

The HAST vehicle development program and the target payload integration function are being 
carried out by the Beech Aircraft Corporation of Wichltr., Kansas under Contract 
F086J5-70-C-0100. Radar augmentation and vector miss distance scoring are being developed by 
the Government Electronic Division of Motorola, Scottsdale, Arizona, and infrared augmentation 
devices by Ordnance Research, Inc. of Fort Walton Beach, Florida. These development programs for 
target payloads are under other contracts with the Air Force and are not covered by this technical 
report. 

Beech Aircraft has subcontracted work on the propulsion system and on the recovery system. 
The United Technology Center developed the controlled thrust assembly and The Marquardt 
CompfJiy, the ducted power unit. Deceleration devices have been developed by Irvin Industries, 
Incorporated. Within the Beech Aircraft Corporation, Mr. John A. Engelland is Program Manager 
and Dr. William M. Byme is Project Engineer. Mr. B. D. Hunter directed the development effort for 
the United Technology Center, Mr. E. W. Wecker for The Marquardt Company and Mr. P. R. 
Delurgio for Irvin Industries. Data and inputs from these subcontracts have been incorporated into 
the report. 

A three and one hall year program from January 1971 through June 1974 covering final design, 
ground test, and fabrication of flight test vehicles is covered in this phase of the program and by this 
technical report. This is a follow-on to Phase I which covered preliminary design of the flight vehicle 
and initial development of propulsion and recovery system and which was reported in 
AFATL-TR-71-25. A flight test program utilizing target vehicles and payloads developed under 
current contracts is being conducted but not reported Li this technical report. This report is 
identified 2« 1070E411 M^.R within the Beech Aircraft Corporation. 

This tochnical report has been reviewed and is approved for publication. 

/fOfHN l/ JOHNSON 
t^Jeput^pKef,  Guldad Weapons Division 
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ABSTRACT 

A High Altitude Supersonic Target (HAST) is under development by the Air Force Armament 
Laboratory to provide a high performance, air launched, advanced aerial target system for tn-service 
use This technical report covers the second phase of the multiphased development program, tinal 
design of the target vehicle and supponing equipment was completed and flight test vehicles and 
supporting equipment were fabnca.cd in this phase. Ground test programs were conducted on 
subsystems and components. Acceptance testa were conducted on components and the complete 
vehicle. Analyses cc-firmed that the canard-clipped delta wing configuration could meet required 
maneuvers. Materials for the airfrarae were selected which provide a fair compromise of both 
manufacturing costs and efficient and reliable thermo-stmctural performance capability. A hybrid 
rocket propulsion system was specified and test firings have confirmed the ignition and boost thrust 
capability and that a variable thrust can be obtained by use of an oxidizer throttle valve, fo meet 
maneuvering requirements a free siphon device has been developed to provide positive expulsion of 
the oxidizer under all vehicle flight conditions. Maneuvers can be preprogrammed or initiated by 
radio command and hardware computer tie-in simulations have confirmed the effectiveness of the 
automatic flight control system to control the vehicle throughout the required flight regime. 

Distribution limited to U. S. Government agencies only; this report 
documents test and evaluation; distribution limitation applied 
August 1974. Other requests for this document must be referred to 
the Air Force Armament Laboratory (DLMH), Eglin Air Force Base, 
Florida 32542. 
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SECTION I 

INTRODUCTION 

TH High Altitude Supersonic Target (HAST) is under development by the U.S. Air Force to 
provide a high altitude, advanced, supersonic target for tr service use. The program is sponsored by 
the Air Force Armament Laboratory of the Armament Development and Test Center. The target 
system has as desisn objectives the consolidated requirements for high altitude supersonic targets of 
the U. S. Army, Navy and Air Force. A sequential multiphased program with the Beech Aircraft 
Corporation has bt-en undertaken to de."lrin the target vehicle and support equipment and to 
integrate augmenUtion and scoring systems. Results of the second phase of this program are 
covered in this report. 

During the first ph&^e a preliminary design was f--mulated. In that phase design trade-off 
studies were conductea to select the most effective 8' .lystems and components. Structural and 
aeroheating studies were made to determine airframe and material lequirements. Electrical and 
flight control requirem* nts were analyzed and the system required to perform all maneuvers and 
control requirements w is formulated. Preliminary drawings were prepared and from the preliminary 
design initial vehicle fv -fomiance was computed. This first phase culminated in a preliminary design 
review in whicn *Ke proposed design was presented for approval and recommendations by the 
sponsoring agency. 

Authority to proceed with the final design was granted to the contractor after the formal 
review of the program was completed. Technical and program progress of the contractor was 
reviewed and monitored very closely by the Air Force Program Office as the final design was being 
completed and at a Final Design Review authority was given to proceed with *.ie procurement of 
components and the fabrication of ground test assemblies and flight test vehicles. In addition to 

i other more informal reviews held to assess the progress of the program, a First Development Article 
Configuration Inspection was held prior to the stait of the flight test program. The conclusion of 

!<••«•  -•.«.«.•»•   |<ii>UM.   *a   «   pawuvj^n.    V6UiCie   vu-ot^ia   <UIU   CWEI»«   Ui^llk   bcsk   «CHIVIED   »1111,11   win  UK  USCM   iO 

verfy the design and to test components in a flight test environment. 

Beech Aircraft Corporation has designated the HAST target vehicle as Model 1070. References 
to Model 1070 throughout the report is synonymous with the HAST target vehicle. Augmentation 

I and scoring systems are being developed under programs separate from the target vehicle system and 
j results of these dtvelopment programs are reported under other technical reports. The contractor 

for the target vehicle was given the responsibility for the interface and integration of these systems 
( and the results of that effort are covered in Section VIII of this report. 

Assistance to the program has been provided by other Air Force organizations. The Air Force 
Rocket Propulsion laboratory has continued to support the technical monitoring of the hybrid 
propulsion system development program and the series of Preflight Readiness Tests was conducted 
at that facility. The Flight Dynamics Laboratory and the 4950 VNA Hybrid Computer Group at 
Wright-Patterson AFB provided facilities and participated in the flight simulation of the flight 
control system hardware. Technical memorandums generated by this group are listed in the 
references. The Armament Development and Test Center provided range services and launch and 
recovery aircraft for the rt-covery flight program conducted during this phase. 

The HAST has the mission of accurately simulating high performance threat aircraft of current 
capabilities and that postulated in the next decades. The performance simulation covers altitude, 
speed, and maneuvering capabilities. In addition to its capability to duplicate the performance of 
aircraft, the HAST will look like threat aircraft to the missila systems using the HAST as a target 
Active radar return will duplicate the signature of threat aircraft with a realistic bi-static response. 
The radar return will also provide the characteristic pattern of jet engine turbine blades or jet engine 
modulation. An infrared source will be carried to simulate the IR signature of threat aircraft. 
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f propulsion, in 

A vector miss distance indicator system wÜl be instaUed to score the success of a mission against 
the HAST With this system an instantaneous readout a', a ground station will be available in digital 
Srmaf iieTadout wm Sow the closest approach, the vector from the HAST, and the fuzmg 
DcTt of a missUe launched against the HAST. This scoring system is a idf-contamed, 
SrcooperativeTysLm which n^eds no modification of the ordnance fired at it in order to 

function. 

With the HAST system a target will be provided to evaluate the most advanced air defense 
weapon systems in a realistic environment and to train combat crews with an accurate simulation of 
high performance aircraft. 

The HAST extends the Mach-Altitude flight envelope from the present requirement of Mach 2 
at 70 000 feet to Mach 4 at 100.000 feet. It also provides a maneuverable and recoverable 
rocket powered target system carrying state-of-the-art augmentation and sconng systems. Meeting 
S dSm requuements for the target vehicle has required advancement m hybrid rocket 
prSilsIrn in control and guidance, and in structure, and use of materials. Th. report contained 
herein describes how these advancements have been attained. 

The report updates much of the preliminary design which was presented in an erurUer report 
covering Sffln -^ase of the program; however, this report is written so reference to the previous 
worT^not eSmuü to understLidin* Subsequent phases of this development program ^P^e 
for flight test of prototype vehicles, production engineering and qualification, and operational 
evaluation of the qualified system. 
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SECTION It 

DESIGN REQUIREMENTS 

R&D Statement-of-Work DLIV 71-65 of 7 December 1970, defined for the contractor the 
second phase of a program initiated for the development of a high performance, air-launched, 
advanced aerial target system. Initial development efforts sponsored by the AF Armament 
Laboratory (AFATL), AF Rocket Propulsion Laboratory (AFRPL), and AF Flight Dyn-unics 
Laboratory (AFFDL), had previously established the feasibility of a high perfonr.-.ce target 
concept utilizing a hybrid rocket propulsion system. The major tasks of this phtX' of the program 
were coniiguration design and analysis, propulsion system development, manuficture of test 
hardware, and engineering design tests. Recovery system development was conducted under the 
previous phase of the contract. 

Design requirements provided direction concerning physical characteristics, performance, 
launch .n^thod and launch envelope, destruct systems, maneuverability, reliability, 
interchangeability, interior arrangements, sectionaiization, readiness, operating life, storage life, 
environment, materials and standard parts, maintainability and accessibility, aerodynamic, 
structural design criteria, propulsion system, electrical system, electronics and avionics, radar and 
infrared augmentation, scoring, flare/chaff aispenser, command control functions, ITCS, ordnance, 
recovery, safety, workmanship, and quality assurance. The purpose for such detailed requirement« 
was to assure that the government would receive a satisfactory end product for the next phase of 
the program. Not all of the design requirements have been met because it became necessary to make 
appropriate relaxations as development progressed. Relaxations suggested by the contractor were 
approved and controlled through a series of formal design reviews as well as numerous informal 
reviews. Adequacy of the design was controlled by rev.ew of specifications, iest plans, acceptance 
test procedures, and test results. 

Physical ch!r»ct*?ri**i<* r«>niiir«>m<>ntM were defined to limit the vehicle to a reasonable useful size. 
The length was restricted so that no single section could exceed 180 inches to assure carrier elevator 
compatibility. The total length of the final vehicle design is 200 inches. The basic fuselage outside 
diameter was restricted to 13 inches. Vehicle gross weight was specified to be commensurate with 
mission requirements and structural constraints due to launch and free flight conditions. The gross 
weight of the final design is a nominal 1,200 pounds. The vehicle was required to provide space for 
installation of 2,500 cubic inches of ancillary payload equipment with a maximum weight of 85 
pounds of modular design. 

Vehicle flight performance was specified based on immediate and future weapon system 
evaluation and on training needs. The vehicle was to be capable of automatic climb from a launch 
altitude of 35,000 feet to all preset altitudes within the flight performance envelope of Figure 1. 
Preset cruise altitudes had to be available in 6,000-foot increments between 35,000 feet and 60,000 
feet and in 10,000-foot increments above 60,000 feet. The vehicle was required to be capable of 
flying straight and level at all preset altitudes and speeds within the flight envelope. Endurance was 
to be five minutes of powered flight at 90,000 feet/Mach 4.0 when launched at 40,000 feet/Mach0.9 
and not less than ten minutes of powered flight at 80,000 feet/Mach 3.0 when launched fit 50,000 
feet/Mach 1.5. Additionally, the vehicle had to be capable of the following specific missions. 

TABLE I. SPECIFIC MISSIONS 

Mach No. Altitude (Ft) Cruise Range (NM) 

2.6 to 2.8 
2.6 to 2.8 
3.2 to 3.6 
3.2 to 3.6 

36,000 
100,000 
60.000 

100.000 

30 
100 
60 

100 



Because of unavoidable compromises, the f.nau vehicle design does not have the capability to 
meet all of these flight performance requirements. Determination of just how wel! these 
requirements will be met is one of the primary objectives of the next program phase. 

The vehicle was required to be capable of air launch from the A-4 A-7, F4 F-8 F-101, F-106, 
F-14 and F-15 aircraft. The primary launch aircraft for the next program phase is the F4 A parallel 
program to provide launch capability from the F-101B has been conducted. The vehicle had to be 
capable of safe, effective air launch within an altitude/Mach number envelope derived from the 
minimum design launch condition presented in Figure 1. 
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Figure 1. HAST Flight Envelope 

A destruct system was required to render the vehicle aerodynamically unstable either by radio 
command or automatically under several conditions indicative of unsatisfactory flight. A 
self-contained naneuvering system was required to provide target realism The vehicle was required 
to be capable of constant altitude "S" turns and 180-degree turns between the range of 6 g's at 
35,000 feet and 1.15 g's at 30,000- feet. Vertical maneuvers up or down of 6 g's at 35,000 feet and 
2 g's at 60,000 feet and 20-second maximum 5,000-foot altitude changes between 40,000 feet and 
90,000 feet were also required. 

The time required to checkout the vehicle and prepare it for flight was limited to 30 minutes 
and average checkout time limited to 10 minutes. Preflight servicing ard launcher installation time 
was limited to three men working for 20 minutes while the effectiveness of this servicing was to be 
valid for 8 hours.  Warmup time was restricted to 10 minutes and with power applied, the vehicle 
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was to be able to maintain this warmed up condition for a minimum of one hour. These 
requirements were token as goals to be met by a production vehicle and no attempt has been made 
to demonstrata achievement of these goals during this development phase. The present vehicle 
acceptance test procedure can be completed in approximately six hours. This procedure, however, is 
designed to probe the vehicle to a depth consistent with development hardware checko it and will 
not be routinely used on production type vehicles for checkout. It is anticipated that data generated 
relative to reliability during the flight test phase of the program will allow a l^ss comprehensrv 
preflight checkout without undue risk concerning vehicle readiness. It is possible that autompuc 
checkout equipment may be required to meet the above mentioned lOminutc checkout 
requirement. 

An operating life requirement of 50 hours from acceptance to removal for bench servicing wa' 
established for all componento while a storage life of 5 years was required. Evidence of operating 
life has been obtained from extensive testing on the first flight test article while compliance with 
the storage requirement is yet to be demonstrated. 

Environmental requirements of a production vehicle specified that it would be capable of 
guaranteed performance during or after encountering probable surface extremes based on 
"Operations, ground worldwide", and "Operations, shipboard worldwide" conditio'-.s in accordance 
with MIL-STD-210. Internal pressunzation of vehicle sections was not allowed. Vehicles were to be 
designed in accordance with MIL-STD-470 to insure maximum ease for maintenance or removal and 
replacement of all components and parts. Because of the high packaging density employed and 
efforts to minimize structural weight and complexity, no access panels were used, and it was 
necessary in some instances to trade-off accessibility. Flight test operations will determine whether 
these trade-off decisions were made ptoperly. 

The basic vehicle was required to possess adequate aerodynamic damping such that steady, 
stable, level flight could be achieved throughout the flight envelope. In straight and level flight the 
stabilized vehicle was required to maintain its original line of flight with 4 miles per 100 miles 
nedectinB the effect of winds while not deviating more than 10 percent in initial cruise altitude. 
■Structural design cniena cauea ior uie vemcie to im «.afauic o« */>*,*****.***..& — c^pint —»-.-, 
launching, free-flight, and handling loads. As it turned out, captive flight loads were generally 
responsible for the structural design. These loads were generated in accordance with MIL-STD-8591, 
Additional structural requirements were that failure should not occur at the design ultimate loads 
and that yield and ultimate factors of safety must be at least 1.15 and 1.50, respectively. The 
structural design of the vehicle was adequate to meet these requirements as evidenced by stotic 
testing. 

The propulsion system was required to be a hybrid rocket engine capable of meeting the desired 
perf irmance requirements above. The engine was required to develop a maximum boost thrust of 
variable duration followed by transfer to any one of several selectable thrust levels during sustain. 
The design exceeds these requirements in that the sustain thrust level is controlled by the autopilot 
via an analog voltage which gives infinitely variable sustain thrust level control. The oxidizer was 
specified to be mixed oxides of nitrogen (MON-25) in accordance with MIL-P-26539 or inhibited 
red fuming nitric acid (IRFNA) conforming to MIL-P-7254, Type IIIB. IRFNA was chosen because 
of its slightly higher density-impulse and because the contractor had greater storage experience with 
it. Minimum proof and burst pressures for both the oxidizer tank and the pressurant tank (if 
required) were defined as a function of the working pressure. Testing has proven these requirements 
to be met. Igniter firing and electromagnetic radiation hazard requirements were also defined and 
met. 

Two electrical power sources were required to provide vehicle power and supply 28 VDC for 
payloads. The primary power source was to provide all power during normal operation while an 
auxiliary power source was required to provide power for recovery system deployment, destruct, 
and operation of a locator beacon and command receiver in the event of the failure of the primary 
system. The alternator of the ducted power unit will provide 45 amps at 28 volts continuously. It 
has proven its ability to initiate vehicle ordnance devices and their necessary transient loads without 

\ 



damage to the equipmen: or ercessive spikin« on iho primary bus. The aJurnator which is d(-'si?ned 
to operate at a constant nominaJ speed of 30,000 rp;n has been operaU'd successfully from 17.000 
to 40.000 rpm. The auxiliary power s.-iurce is a diode isoiuU?d nickle-cadmium battery pack located 
in the boattail area. It has been confirmed Üiat this source will deliver the electrical power as 
specified. 

The necessary antennas for the vehicle were required to be des'irned to minimize drag while 
providing acceptable antenna paltrnis consistent with operational requirements of the various 
essential systems. All baaic vehicle antennas have proven to p-ovide proper nattems of acceptable 
strength while mjnimizingdrafl by making use of antennas who^e radomos are flush wi'h the surface 
with the exception of the transponder antennas which extend beyond the basic vehicle nose 
contour by less than 5/16 of an inch. 



SECTION ill 

SUMMARY 

The preliminary design of a target vciiicle to meet these Design Requirements was established in 
Phase 1 of the HAST Development Program. Further analysis and design refinements were 
continued in Phase II and a Final Design Review was conducted by the Air Force with participation 
by the Army and Navy. As a result of Ihis review, authority was given the contractor to proceed 
with the fabrication and assembly of twelve flight test vehicles and three sets of spares for support 
of a flight test program. 

The approved design is an air-launciied wing-canard vehicle 200 inches in length with a 40-inch 
wing span, a 26-inch high vertical stabilizer and a 13-inch diameter fuselage. A three-view drawing of 
the vehicle showing the size, shape and essential features of the profile is contained in Figure 2. It 
weighs approximately 1200 pounds at launch, depending on the paylcad earned and the amount of 
oxidizer loaded. 

Control is provided in two axes with canards for pitch control and winp trailing edge ailerons 
for lateral control. With this configuration and control scheme a rudder control is not required. The 
canards are of triangular planform with double wedge section. The wings have a clipped delta 
planfcrm of modified double wedge section with vertical stabilhers attached to the tips to iiicreasc 
the effective wing span and to provide yaw stability. Canards, wings and vertical stabilizers are 
iiitcrchangeablc from either side. 

The fuselage has a constant diameter of thirteen inches with a 3.5-caliber von Karman nose and 
a tapered boattail. The forward 35 inches of the nose cone is the radome. A tunnel or raceway is 
provided on the lower ccnterline for electrical and nitrogen lines. An inlet and exhaust system is 
iltached to the lower body centerline to provide air to a ram air turbine. Location for an optional 
infrared augmentation system is provided on the lower cen'erline aft of the inlet and exhaust 
system. Launch littings and an umbilical connection are located on the upper body surface for 
aircraft carry and launch. A forward mounted pilot/static tube provides vehicle air data for the 
automatic flight control system. 

The major internal components and their location in the target vehicle are shown in Figure 3. A 
nose volume of 1800 inches is reserved for the radar augmentation and scoring pay load. 
Immediately behind the payload volume is the integrated target control system and the air data 
sensors. The canard actuators are also located here. A torodial tank is provided for nitrogen to force 
the oxidizer from tho oxidizer tankage and to provide aeration in the thrust chamber assembly 
during low flow rates. The oxidizer is stored in a tankage arrangement which provides center of 
gravity control as the oxidizer and the fuel in the thrust chamber assembly are consumed. The rear 
tank is equipped with a free siphon device to ensure an uninterrupted supply of oxidizer during ail 
vehicle maneuvers. The HAST carries approximately 496 pounds of oxidizer. 156 pounds of fuel, 
with the nitrogen gas and the igniter accounting for another i pounds of consumables. 

A parachute recovery module is fitted between the oxidizer tanks and the thrust chamber 
assembly. A ducted power unit is located beneath the recovery module. The ducted power unit is a 
dual purpose machine which uses a ram air turbine to power an alternator for electric power and an 
oxidizer pump to boost the oxidizer to the high pressure required by the thrust chamber assembly. 
Clustered in the remaining space in this mid-section are the vehicle control logic electronics and the 
autopilot. Also, in this urea is the oxidizer throttle valve which regulates the flow of oxidizer into 
the thrust chamber assembly. 

The solid fuel of the propulsion system is contained in the thrust chamber assembly. The case 
of this assembly carries structural loads. At the rear of this assembly is the nozzle and fitted around 
the nozzle is the aileron actuator and the emergency/recovery battery. 
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1. FLIGHT DYNAN.ICS 

The basic aerodynamic dala for the HAST vehicle was deve'opod dunni; the previous phöSf. 
Trade-offs were made and the theoretical analysis was confirmed by a series of wind tunnel tests. 
These data were refined as additional studies were made and the system design developed. Results 
of test data, parlicularly the propulsion system tests, were incorporated into the performance 
model. 

Dur nc this phase, several flight misaiuns which have been selected for use dunnt; the flight test 
phase were simulated through the use of a thrce-decrccs-of-freedom digital trajectory analysis 
prc;jram. This proßram includes the autopilot control parameters, a throttlini; control method and 
the hybrid recket enRinc characteristics. Two of the missions presented in this report were to run to 
demonstrate the range and endurance and one to determine die maneuvering characteristics. An 
extensive anay'sis of the basin aerodynamic cnaracU?nstics was made since »hese data directly 
determine the p'-efonnance 01 the vehiclt. 

The analysis shows that the specified Mach number and altitudes are easily achieved but that 
the endurance at altitudr by these development test vehicles is not attained. 

2. STRUCTURES AND MATERIALS 

The obiectivc in structures und materials was to design, substantiate the structural intcgr.ty, and 
fabricate the major airfmme subsystem 

A design criteria was used in which the structural design environment and strength and rigidity 
requirements are defined. The loads encountered during ground handling, captive flight, launch, free 
flight and recovery were investigated to determine the maximum load environment experienced 
during the life cycle of the HAST 1070 vehicle. Finite element models of the aero surfaces were 
Heveloped and analysis of the structure has been conducted to determine the margins of safety. 
Fuselage substructure was analyzed for critical conditions which result during application of 
eiection und captive flight loads. An aeroelastic analysis was conducted to show that the vehicle was 
flutter-free throughout both the captive flight and free flight regime«. S^tic tests of structural 
subsystems and u free-free vibration test of a complete missile of flight configuration were 
accomplished to substantiate analysis. 

Materials for the stmc'oral subsystem were selected on the basis of cost, minimum weight, 
process familiarity, availability, strength and stiffness at temperature, and compatibility witn 
inhibited red fuming nitric acid. 

3. AUTOMATIC FLIGHT CONTROL SYSTEM 

Extensive analyses were performed on the flight control system during the phase. As hardware 
components became available, these were accepUnce tested against specifications and procedures 
prepared during the phase. The analysis and hardware test programs culminated in a 
hardware-computer tie-in for a complete flight control simulation. 

A linear analysis of the airframe and control system was performed to assure that a single gain 
stability augmentation system was feasible over the entire performance envelope and the gains 
selected could perform satisfactorily. A total of 25 flight conditions over the HAST performance 
envelope were studies. 

The known nonlinearities and hardware characteristics were modeled with the decoupled 
equation« of motion into a point stability analog computer rinulation of the stability augmentation 
portion of the flight control 8y«tem. The objectives of this simulation were to investigate t e effects 
of actuator ntes, gyroscope characteristics, and nonlinearities on stability using previously «elected 
gain \alues. ^or the most part, the results of linear analysis was reinforced. 
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The hybnd computer facility at WriRlit-Patterson Air Force Base was used for a complet« flieht 
control system simulation. The objectives were to rc'investigate stability after inclusion of cross-axis 
coupling, to finalize the throttle control design and to determine the effects of re-defined hardware 
characteristics. Several inadeciuacies in the overall design were detected and corrected. The 
simulation results indicated that the proposed flight control system would provide stability in 
climb. cruiM-, and maneuvering flight. Turning, climbing and altitude hold capabilities appeared to 
far exceed the system requirements. 

4. ELECTRICAL AND ELECTRONIC SYSTEM 

The HAST electronics and electrical subsystems comprise a considerable part of the target 
components. Electronic cases and assemblies have been designed to use the available space around 
other major target assemblies to provide the greatest possible volume lor the propulsion and 
pay load systems. 

From launch aircraft takeoff until the vehicle is recovered the- eU:fru li R/;d electronic systems 
control target functions are vital to the success of the mission. Prior to lau.ich ' self-test is made by 
electronics of 22 flight critical items within the vehicle. If these .u.'mr ^rt n. mal a READY lamp 
will illuminate and a launch can be made; otherwise, a FAULT i; Tip wiil illuminate and the 
launcher will not function. After launch, timing logic is provided 'or • »npvisi'.n system sequencing, 
pitch control enabling, and destruct and recovery system arming. 

Power is provided from three different sources. Each portion of a flight requires varying 
amounts of power from or? or two sources. Sources of power are the launch aircraft, the ducted 
power unit, and the command/recovery battery. Aircraft power is provided for electrical system 
prelaunch warmup and checks of telemetry. During the prelaunch self-test and during flight pnor to 
recovery, power from the ducted power unit (DPU) is applied. The output of the alternator of the 
DPU is rectified to supply a nominal 28 VDC at 47 amperes full load which is greater than the 
maximi'm power requirements fo- target vehicle operation and for payload power requirements. 
The battery supplies power for th.1 command receiver. C-band transponder, and the locater beacon: 
and, also, for recovery or destruct initiation. 

Target performance during a mission can be preprogrammed prior to flight. The flight program 
may be modified during a mission by radio command uplink. Radio commands, in some cases, will 
exclude preprogrammed events. The flight path o,' Jie target is preprogrammed by the settings of 19 
ten-position and one five-position switches. Among the functions which may be preselected are 
cruise Mach number and altitude, maneuver, and change of Mach number and altitude. 

The autopilot module provides a point of interfacing for the target flight control sensors and 
the altitude control actuators. The autopilot module receives attitude and rate information from the 
gyros, altitude ind speed information from the air data module, and programming from the digital 
logic board. Calculations and scaling operations are performed on the input to drive the canard and 
aileron actuators. The autopilot module consists of five multilayered printed circuit boartis which 
plug into a double sided mother board. Interconnections are made through two high density 
connectors at two of the end multilayer boards. 

The purpose of the destruct system is to render the vehicle aerodynamic ally unstable should 
unacceptable deviations from the desired flight path occur. Destruct system circuits are contained 
on the digital logic board which collects information from various destruct sources and »ends the 
destruct command to the destruct electro explosive device relay. Destruct can be initiated by radio 
command or by several internal and external conditions. 

A transponder and a command receiver/decoder are installed to provide communication with 
the target. The transponder increases the tracking capability of the radar. The command receiver 
receives and processes control commands for destruct, heading update, recovery and flight 
programming. A locator beacon is also installed to assist the helicopter crew in the recovery 
operation. 

11 
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The HAST telemetry system samples, encodes and transmits to a receivinR station, information 
relevant to the performance of the test vehicle. It will also accept the transmit scoring information 
from the vector miss distance indicator scorinR system. The HAST system is in tvvo basic 
configurations. One for those vehicles whose primary purpose is flight dynamics and vehicle 
performance and the other for the vehicles which contain a sconng system. The first configuration 
is a modularized package which permits changing or deletion of test parameters depending on the 
flight schedule or program progress and has a capability of up to 186 channels. The second 
configuration is greatly reduced due to suace limitations imposed by the addition of the scoring 
system. 

5.    PROPULSION SYSTEM 

A hybrid rocket engine was specified by the Air Force as the propulsion system fo<- the HAST. 
The designation of hybrid is derived from the use of a liquid oxidizer and a solid fuel. The 
combination of oxidizer and fuel chosen is non-hypergolic and requires an igniter to be fired in the 
proper sequence to initiate combustion. By use of an oxidizer throttle valve the oxidizer flow rate 
can be controlled, which in turn, determines the thrust level of the engine. A throttling ratio as high 
as 10:1 can be attained. The thrust level is controlled by the automatic flight control system. 

Components and subassemblies which supply oxidizer to the throttle valve at the desired 
pressure and flow capability are referred to as the oxidizer management assembly. Included are a 
gaseous nitrogen subsystem, oxidizer tankage, an oxidizer start valve, a fre; siphon, and a ducted 
power unit. Components and subassemblies which combine the oxidizer with fuel to produce thrust 
at the desired level are referred to as the controlled thrust assembly. Included are an oxidizer 
throttle valve, a manifold assembly, a case assembly, fuel grain billets and a nozzle. 

Since the propulsion system was one of the longest lead time items of the HAST, some 
development work was undertaken in the first phase, as well as theoretical analysis. This work 
included the investigation of positive expulsion schemes and of heavywall thrust chamber assembly 
tests. As a result, a free siphon design was selected and fuel grain composition shape and bum 
patterns were investigated. Throttle valve design and nozzle designs were evaluated. Tradeoff studies 

rc CwPiuUCvCu on ä varusty oi pressuii 

An extensive test program was conducted during Phase II on the suLsystems of the propulsion 
system and proof and preflight readiness teste were conducted with the complete system. 
Components were tested under environmental extremes. 

With the completion of the preflight readiness tests and with modification incorporated during 
the propulsion system test program, the system is considered acceptable for the flight test program. 
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SECTION IV 

FLIGHT DYNAMICS 

This section presents both the aerodynamic analysis and the aerodynainic heating analysis of 
the HAST missile. The configuration analyzed represents a HAST missile with the RF pay load 
onboard. For this analysis, the gross weight was 1201 pounds with 480.2 pounds of usable oxidizer 
and 144 pounds of usable fuel. Three flight missions were simulated through the use of a 
three-degrees-of-freedom digital trajectory analysis program. Performance and maneuvering 
characteristics were analyzed. Time history data for these missions are shown   and the missile's 

I range and endurance are discussed. The basic aerodynamic data used in the digital simulation 
program was based on analysis of wind tunnel data contained in References 1 and 2. 

j 
I The aerodynamic heating analysis, the thermal data associated with aerodynamic heating during 

the hottest HAST mission, and thermal data obtained during testing required for analysis 
verification are presented. Also included are the insulation requirements for thermal protection of 

} the electronic, recovery and payload components of the vehicle. 

1.    PERFORMANCE AND MANEUVERABILITY 

The performance of the HAST missile was determined using a three-degrees-of-freedom digital 
trajectory analysis program. This program includes the autopilot control parameters, a throttling 
control method and the hybrid rocket engine characteristics. The basic aerodynamic data used in 
this simulation are contained in paragraph 2 of this section. 

In general, a typical mission involves the following sequence of events. The missile is launched 
from the carrier aircraft. There is a two-second delay before longitudinal autopilot activation and 
engine ignition in order to allow the missile to clear the carrier aircraft. However, the 
lateral-directional autopilot is operational during this time to maintain heading. The desired cruise 
Mach number and altitude are translated by the control system into me required thrust and control 
settings to reach cruise conditions. The engine is throttlea back and the control reset after the 
missile reaches cruise conditions. The missile fürs at constant Mach number and altitude until 
bumout occurs. The missile then continues to hold cruise altitude while the airspeed bleeds off. 
When the canard required for trim reaches maximum deflection (20 degrees), the missile begins its 
descent. The parachute system is deployed when the impact pressure decreases to 150 psf, and the 
missile reaches an altitude of 50,000 feet or less. The missile descends on the main parachute until it 
reaches 10,000 feet, then a mid-air recovery is accomplished. 

Two missions were run to demonstrate the missile's range and endurance at selected flight 
conditioru throughout the flight envelope. 

Mission 1 consisted of a launch at Mach 1.5, 50,000 feet and cruise at Mach 4.0, 90,000 feet. A 
time history of the flight trajectory and associated aerodynamic parameters is shown in Figures 4 
and 5. The missile reached the cruise condition 112 seconds after launch at 41 nautical miles 
downrange. Bumout occurred 215 seconds after launch at a distance of 108 nautical miles. The 
parachute was deployed 614 seconds after launch at 50,000 feet. The missile was recovered 1784 
seconds after launch and 226 nautical miles downrange. 

Misaion 2 was a launch at Mach 1.5, 45.000 feet and cruise at Mach 3.5, 100,000 feet. Time 
history data for this mission are shown in Figure 6 and 7. Cruise was reached at 111 seconds and 37 
nautical miles after launch. Bumout occurred at 247 seconds and 115 nautical miles after launch. 
The missile was recovered 1771 seconds and 214.7 nautical miles after launch. 

The maneuvering characteristics of the HAST missile were also determined using the 
three-degrees-of-freedom digital trajectory analysis program. The three-degree orogram is used for 
maneuvers involving only longitudinal motion. 
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Mission 3 represents a 5,000-foot altitude change maneuver. The missile was launched at Mach 
1.2, 40,000 feet and rruised at Mach 1.5, 40,000 feet. Cruise was reached 28 seconds after launch. 
Fifty seconds after launch the command was given to increase the altitude 5,000 feet. The 
maneuver was terminat4?d 70 seconds after launch when an altitude of 45,000 feet was reached. 
Time history data for this mission are shown in Figures 8 and 9. 

2.   BASIC AERODYNAMIC DATA 

The basic aerodynamic data of this section were used in digital computer programs to simulate 
the HAST flight trajectories. An extensive analysis of the basic aerodynamic charactenstics was 
made since these data directly determine the performance of the vehicle. 

The static stability derivatives were determined from analysis of data from two HAST wind 
tunnel tesU (References 1 and 2). The basic rotary derivatives for the HAST were based on 
theoretical methods which related them directly to the static derivatives and the missile geometry. 

All the coefficients contained in this section are based on a reference area (S) of 0.922 ft2 and a 
reference length (C) of 200 inches and are in the body axis system. Moment coefficients are 
referenced to fuselage Station 115. 

a. Longitudinal Stability Derivatives. The total axial force, normal force and pitching moment 
coefficients can be expressed: 

CA-CA0 + 0^2 «2 ♦ CA^C2 
S
C2 + CAa5c a5c 

* cApwR + CAFRIC + CAlNLET 

CN - CN0 + CNa a + CNa2 | a |   e 

CM - CMQ 
+ CMa a + ^2 <»  M   +   CMJ    5C 

(1) 

(2) 

(3) 

_S_ + CMj,^     a  I a I  I «c I   +     (CMq    Q   +   Cu^a)      2V 

The stability derivatives contained in these equations .'re presented as a function of Mach 
number in Figures 10 through 13. Also shown is the aerodynamic center variation. 

The term* CApRir and CAINLET 
rePre9ent ^e increment in axial force coefficient due to skin 

friction at altitude» other than 40,000 feet, and the drag due to the ram air ti'.-binc, respectively. 
Both of these terms are computed within the digital simulation programs. 

The friction coefficient is determined by the following set of relations: 

For 0 < h < 40,000 ft, 

h - 40,000 
CAFRIC " 00125 (    10,000 > 

For 40,000 ft < h < 70,000 ft, 

CAFRIC " 2-5 * 10'6h + (0.0136-0.337 x 10-6 h)   MN ■ 0.10 

For h > 70,000 ft, 

CAFRIC " 3-63 x 10'6h * (0.020 -0.433 x 10-6h)   MN • 0.179 

(4) 

(5) 

(6) 
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The axial force coefficient due to the ram air turbine is determined by the following relations: 

For Power on. 

CA|NLET = CARAT ■   (1     CORR)CDA (7) 

For Power Off, 

CAlNLET = (CORR)CDA  ■ 0.188 CDB (8) 

b. Lateral Stability DeiiVatives. The total side force, yawing moment and rolling moment 
cocfficienU can be expressed: 

CY  » CY0 ß * (CYp p + CYr r)      2V <9> 

C'n " C^ /5  + Cnia 5a + (% P + Cnr r)      TJV (10) 

Cii  ' Cty ^ + C(;6a  5a  + (Cep p ♦ C«r r)      2V {l1^ 

The stability derivatives contained in these equations are presented as a function of Mach 
number and angle of attack in Figures 14 through 16. 

3.   AERODYNAMIC HEATING 

Since the HAST flight envelope lies above 37,000 feet altitude, the aeroheating is primarily a 
function of Mach number. The maximum heat-rate due to aerodynamic heating will occur at a flight 
condition of Mach 4.0 at 90,000 feet altitude. 

A computer program was used to predict the aerodynamic heating for HAST. This program was 
used to analyze stagnation flow, side-wall flow, wedge flow and conical flow for both subsonic and 
supersonic velocities. Confidence in the computer results was obtained by comparing predicted 
results with flight data for the X-15 airplane at similar Mach numbers. Very good agreement was 
obtained. 

Unless otherwise stated the predicted results are based on lero angle-ofattack operation of the 
vehicle. Data was obtained for the HAST wing for Mission 1 with angle-of-attack included. A 
comparison of surface temperaturts 2.0 inches aft of the leading edge was obtained for the upper 
and lower surfaces. The angle-of-attack varied from 0.2° to 11.6°. The flow for the top and bottom 
surfaces went through shock angles which were created by the effective angle-of-attack (a function 
of wedge angle, 2.7° and angle of attack). A maximum temperature differential between top and 
bottom surfaces of 100° F was observed. The maximum variation from the zero angle-of-attack flat 
plate configuration was 70° F. These variations would not affect the structural integrity of the 
vehicle significantly. 

The local aerodynamic heating rates may be altered when the flow field or boundary layer is 
modified in regions where flow interference is created due to wing-body intersections or shock wave 
boundary layer interaction. Corrections to the program are made throupi application of an 
Interference coefficient. 
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a. Predicted Temperature Surveys of HAST Components. Temperature surveys are presented 
for Flight Mission No. 1 Jescnbed in Figure 4. The emissivity of the surfaces was 0.80. The results 
include interference effects where applicable and are representative of the maximum temperature at 
which the vehicle will be expected to operate. Figure 2 shows the location of canards, stabilizers, 
and wings where interference effects occur. 

(1) Stabilizer. The first component to be discussed is the stabilizer. The shaded area of 
Figure 17, where the maximum increase in heating due to interference occurs is also shown on an 
expanded scale in Figure 17. The lines parallel to the leading edge represent lines of constant 
temperature, where no interference heating occurred. 

The leading edge, outboard of the shaded area, is ihown to be a constant temperature of 1124°F. 
The point noted by 898" F, the shaded area of Figure 17, is where maximum inrrease of heat 
transfer coefficient on the surface occurs. 

The nose of the stabilizer was calculated as being the stagnation point on a sphere. The other 
leading edge temperatures were obtained for a cylinder swept 63" degrees. 

(2) Wing. The previous discussion showed the effect of the wing on the stabilizer heat 
transfer. In this section, the effect of stabilizer interference on the wing is shown. The results for 
the surface are shown in Figure 18. Based on this information, the interference heating on the wing 
is negligible. 

(3) Canard. As on the wing, the fuselage interference has a negligible effect on the heat 
transfer to the surface of the canard. The temperature of the canard leading edge near the fuselage 
will be increased. This increase is similar to that shown for the wing. 

The data for the canard are shown plotted L-. Figure 19. As on previous plots the lines parallel 
to the leading edge represent lines of constant temperature. 

(4) Fuselage. A Longitudinal temperature profile for the fuselage is shown in Figure 20. 

(5) Forward Tunnel. The heat transfer coefficients are approximately 115 percent higher 
than those obtained on a flat plate with no disturbance. Tnis would cause an increase in surface 
temperatures of approximately 130" F on the HAST vehicle operating at the flight condition 

I assumed for this analysis. 
1 
( b.    Insulation Requirements. The insulation requirements have been established for controlling 
1 the temperature of the internal components of the HAST vehicle. The design criterion f ?r this study 
j was obtained using Flight Mission No. 1. The results of this analysis indicate necessary protection is 

provided by 3/16 inch of Fiberfrax® insulation in the moderately high temperature areas, and 1/4 
j inch  of Min-k®  insulation  in  the high  temperature areas.  Added  protection  is obtained by 
> aluminizing or foil covering the insulation materials to decrease the emissivity. These insulation 
i requirements for the various sections of the vehicle are detailed in Figure 21. 

The temperatures denoted in Figure 21 represent the maximum at which ihe components are 
i expected to operate. AU heating is created by aerodynamic heating except the top side of the aft 

tunnel and the nozzle. These two areas are heated significantly by the thrust chamber assembly. 
i 

[ c.    Aerodynamic Heating Tests. Wind tunnel tests were conducted at Tunnel A of Arnold 
i Engineering Development Center simulating the flight condition expected during Mission No. 1. 

These tests were conducted at a Mach number of 4.03. Thermographic phosphorus paint on a low 
thermal conductivity material was used to obtain the heating rates on two HAST models; (1/2 scale, 
1/2 length model, and 1/4 scale full length model). The main objective of these tests was to 

■ investigate "hot spots" created by interference heating. 

.    ! 
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The data from this test is shown in Figure 22. Two sets of temperatures are shown for each of 
the "hot spot" locations, angles-of-attack of 0° and llf. The hottest area on the vehicle other than 
nose or leading edges of the aerodynamic surfaces was in the region surrounded by the pitot tube, 
tne canard, and the antennas. Shocks off of these three componenU interact causing a temperature 
of 915ÜF for angle-of-attack of 0° and 985° F at 12" angJe-of-attack. Since there are no structural 
members in this areu and these temperatures are well below the melting point of stainless steel no 
problems are anticipated. 
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SECTION V 

STRUCTURES AND MATERIALS 

The objective in structures and materials was to design, substantiate the structural intepprity, and 
fabricate the HAST (Beech Model 1070) major airframe subsystem. 

A design criteria was used in which the structural design environment and strength and rigidity 
requirements are defined. The loads encountered during ground handling, captive flight, launch, free 
flight and recovery were investigated to determine the maximum load environment experienced 
during the life cycle of the HAST 1070 vehicle. Finite element models of the aero surfaces were 
developed and analysis of the structure has been conducted to determine the margins of safety. 
Fuselage substructure was analyzed for critical conditions which result during application of 
ejection and captive flight loads. An aeroelastic analysis was conducted to show that the vehicle was 
flutUr-free throughout both the captive flight and frte-flight regimes. Static tests of structural 
subsystems and a free-free vibration test of a complete missile of flight configuration were 
accomplished to substantiate analyses. 

Materials for the structural subsystem were selected on the basis of cost, minimum weight, 
process familiarity, availability, strength und stiffness at temperature, and compatibility with 
inhibited red fuming nitric acid. 

1.   STRUCTURAL CONFIGURATION 

Major sections of the target vehicle are desenbed in the following pages and are illustrated in 
Figure 23. 

a. Nose Section. The 3.5<aliber von Karman nose is tangent to the basic 13-inch diameter 
body at Station 45.5. The forward 35 iiches of nose is the radome. The radome material is 
composed of aluminum phosphate matrix reinforced with glass fabric for radar transparency and 
temperature consideration. A steel frame is used at the production joint at F.S. 35.75. This frame 
"rr/ids! 2 tnmition fcr the radonia m^teris! and the fef^ard fuse!:;™ «ection. 

The total radome volume of 1800 inch3 is reserved for payload. Paylead is defined as that 
equipment not required for vehicle launch and controlled flight. Aluminum bracketry is used 
internally for payload installation and assembly. 

The air data portion of the guidance electronics, canard torque tube and attach fittings and the 
electro-mechanical canard control actuator are installed in a 12.58-inch section aft of the radome. 
The leading edge of the external raceway is attached to this section The basic material for this 
section is 17-7 PH stainless steel which is fabricated by forming, welding and chem milling. The 
bracketry for equipment installation is attached with screws to welded in place structural clips. 
Insulation is used as required for temperature control. 

b. Tankage Section. The oxidizer tankage is 13 inches in diameter from Station 50.749 where 
the forward end welds with the tank cylindrical section, to Station 118 331 where the aft end welds 
with the tank cylindrical section. Tankage ends are elliptical (dome) shape with minor axis of 6.438 
inches. The tankage section has a forward tank and an aft tank. The oxidizer flow is from the 
forward tank through a capillary screen into an aft tank. The forward tank section is divided at 
Station 89.810 to provide structure for the forward launch lug. A bulkhead assembly at this 
location consist» of a lug support, a cap and a web welded together. A baffle is iocated at SUtion 
76.620. At Station 109.150 an intermediate dome end is located so that the alt tank section is 
formed with aft dome end. The forward dome end is located at Station 46 830 the intermediate 
dome end at Station 109.500 and the aft dome end at Station 122.250 of the tank. 

Provisions for attachment of the multifunction valve and tankage pressurization are welded into 
the forward dome end of the forward tank. The aft tank is pressurized from the forward tank 
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pressure Provisions for an oxidizer start valve are inco-porat^d into the aft dome end of the aft 
tank. Angle» are bonded to the bottom of the tankage 'or recaway attachment. All tankage 
material is 17-7 PH stainless steel. 

c. Midsection. The basic midsection structure is steel lonßcrons welded to the aft launch IUR 
frame structure at Station 1:2.25 and to the fcrw-rr» wing attach frame structure at Station 149. 

The u^iper half of this section is enclosed with a steel cover assembly which is part of »he 
parachute module assembly and is formed to moKe the basic 13-inch diameu'r body in this aiui. 
This structural cover is attached to the longerons and frames with flush structural screws. 

The lower half of this section is enclosed with a »l- i shell which is the cover for the ram air 
turbine compartment at the forward enJ and the guidance electronic compartment at the aft end. 
This shell is formed to provide body contour required for the ram air turbine, turbine e;:haust, air 
inlet duct and guidance electronic compartment. The shell is welded to the longerons and frames. 
AU midsection material is 17-4 PH stainless steel. 

Modular electronic equipment assemblies are mounted to the basic midsection structure with 
access for installation and service through the parachute module assembly opening. 

d. Thrust Chamber. The thrust chamber assembly (TCA) is the basic 13-inch body diameter 
between the forward and aft wmg attachment frames at Station 149.00 and Station 194.5 and is 
attached to these frames with flush structural screws. A nozzle housing tapering from 6- to 7-inch 
diameter extends from Station 194.5 to 201.0. The TCA incorporates attachments for the aft 
equipment luring and is fabricated from 4130 alloy steel heat treated to 180,000 psi. 

e. Boattail. The boattail tapers the last 8.19 inches of body to an 11-inch diameter. The taper 
starts at SUtion 192.81 and interfaces with the aft wing attachment frame assembly. This frame 
assembly is a 17-4 PH stainless steel investment casting which provides the aft wing attachment at 
SUtion 194.50 and also includes the aileron hinge support at Station 197.50. The frame assembly 
is attached to the motor case with flush structural screws. A 304 stainless steel boattail cover 
a'tach?« tO the «ft end Of frame MSembly «"d rnmr/Mp*. the body (rpferpnrp Station 201.00). 

f. Aileron Control Linkage. The aileron control linkage consists of a 17-4 PH stainless steel 
bellcrank assembly that is driven directly from a gtd,ed electro-mechanical aileron actuator mounted 
to the aft wing attach frame assembly. Push rods from this bellcrank actuate the aileron to produce 
i 10 degrees of aileron travel. 

An emergency destruct system is incorporated in the bellcrank assembly. This system is 
operated with a squib powered pin puller which separates the bellcrank from the aileron actuator 
and drives the bellcrank to a hard-over aileron position with a compression spring. 

g. Canard Control Linkage. The canard control linkage consists of an aluminum bellcrank that 
is driven directly from a geared electromechanical actuator which is mounted to the forward 
structure assembly. A uteel push rod from this bellcrank actuates a steel canard torque tube to 
produce * 20 degrees canard travel. Anti-friction bearings installed in fittings at the outer skin are 
used to support the c-Jiard torque tube. The canards are attached directly to each end of the torque 
tube with structural screws. 

h. Raceway. An external raceway for routing a nitrogen aeration line and electrical wiring 
from the nose section to the midsection ia required to bypass the oxidizer tankage. This raceway is 
located on the lower centerline of the body and is rectangular in shape, 3.5 inches wide by 0.83 
inch in depth. The leading edge of the raceway is located on the forward nose electronic module 
near Station 36 and the aft end of the raceway enters the air inlet fairing fillet near Station 107. 

All raceway-housed equipment is secured to raceway supports with screws. The raceway 
supports are adhesively bonded to the body skin with high temperature adhesive. All raceway 
material is 17-7 PH stainless steel. 
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i. Canard. The canards an? attached directly to both end» of the canard torque tube which it 
located in the aft noso section at Station 42.31 with canard captive structural screws. The canud is 
solid cast 17-4 I'M sLiiinless steel. 

j. Aileron. The ailerons are constant chord full span with the hin^e ccnterlinc at Station 
197,50. The aileron installs on the wing assembly with the outboard hinge beanng located in the 
winu structure. The inboard end of the aileron plugs into the aileron actuating bellcrank that is 
installed m the body aft wing attachment frame. 

Fabrication of the aileron assembly is accomplmhed with a one piece skin that forms the leading 
edge and is welded at the trailing edge. A 3/4 inch diameter tube is used as a spar and welds to the 
skin top and bottom at the aileron hinge station. A square ended fittmg is welded to the tube and 
closure nh at the inboard end of the aileron and mates with tiic aileron bellcrank. An outboard 
hinge bearing fitting is welded to the tube and outboard closure rib. All material is 17-7 PH stainlew 
steel. 

k. Vertical Stabilizer. The vertical stabilizers are attached to the wing tips on the horizontal 
centerline of the wing with stabilizer captive flush structural screws. 

The stabilizers are fabricat"d from resistance welded PH 15-7 M. stninless steel honeycomb panel. 
This panel is 1/1 inch thick with 0.012 face sheets and a honeycomb structure of Ü.002 gage. 5/16 
inch square cells. 

The leading and trailing edge taper is accomplished by crushing the panel and welding the face 
sheets together. Stainless steel inserts are welded in for attachment to the wing structure. 

I. Wing. The wings are a clipped delta planform with a sweep of 75 degrees and a constant 
thickness of one inch except for the leading eage taper. Flush attachment of the wing to the body is 
at Station 149.00 and Station 194.50 and is accomplished with structural screws that are captive in 
the wing fittings. The wing fittings mount flush to the body by incorporating recesses in body 
frames. A plug-in wing shear pin is located in the wing at Station 127.00. 

The wing is fabricated from resistance welded PH 15-7 M. stainless steel honeycomb panel. This 
panel is one inch thick with 0.012 face sheets and a honeycomb structure of 0 002 gagi* 5/16 inch 
square cells. The leading edge taper is accomplished by crushing the panel and welding the face 
sheets together. The attachment fittings, edge member closures and doublers are installed flush with 
the basic one-inch thick wing by forming the honeycomb panel and welding the external fitting 
flanges on both sides. High temperature sealant is used at the wing-body interface. 

m. Ram Air Turbine Inlet Fairing. The inlet fairing provides an aerodynamic cover and a 
boundary layer diverter for the ram cir turbine inlet duct. The leading edge of the air inlet is at 
Station 104.00 ind the aft end matches the constant midsection shape that houses the ram air 
turbine. The inlet fairing assembly consists of a cast 17-4 PH stainless steel leading edge fitting that 
provides for attachment of the aft end of raceway and leading edge of the boundry layer diverter. 
The 17-4 PH stainless steel sheet is formed to contour and welded to the leading edge fitting. A 
formed 17-7 PH stainlew steel flange is bonded to the aft tank section for attachment of the inlet 
fairing assembly with flush structural screws. 

n. Aft Fairing. An external fairing for routing electrical wiring from the midsection to the 
boatUil section is required to bypass the thrust chamber. This fairing is located on the lower side of 
thrust chamber at the vertical centerline and matches the contour of the aft end of the lower 
midsection skin. The forward portion of this fairing is used for installation of electronic equipment. 
The fairing sections are made from stainleu steel. A steel flang? is attached to the thrust chamber 
for attachment of the fairing sections with flush structural screws. 
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2. MATERIAL SELECTION 

MaU'nals wore si'lectod which provide a fair compromise of both manufacturing cost and 
efficient and nMiablo thermostructural performance capability. 

The trajectories producing critical environments indicatod that elher a Uiermally proU'Ctcd 
»truHure or a structure composed of mau?nal capable of mainUinniK mechanical sUbility at high 
temperatures be »elected. An early study indicated that the latter proved to be the most 
economical MaU'nals which have been considered for acceptable mechanical properties at high 
temperatures are listed in Table II. Generally the age hardenablc stainless steels arc selected in 
meeting the structural requirements of the HAST. 

These steel» are heat treatable to attain maximum strength which allows forming in the 
annealed condition, and strengthening after welding. The materials are readily available, working 
methods are known and they offer the best compatibility to inhibited red fuming nitric acid. 

3. STRUCTURAL DESIGN CRITERIA 

This section establishes the strength and rigidity requiremenU for the HAST vehicle. It is 
divided into the following sections: General Criteria, Design Life, Atmospheric Environment, 
Thermodynamic Environment. Environmental Loads and Load Factors. 

„,     General Criteria. The cumulative effects of elastic, permanent or thermal deformations, 
acting singly or together, which result from application of design limit loads and temperatures shall 

a. 
ii 

not: 

(1) Inhibit vr degrade the mechanical operation of the missile or of the carriage or 
launching vehicle or device. 

(2) Adversely affect the missile's aerodynamic characteristics or the aerodynamic 
characteristics of the carriage, hunching vehicle or device. 

(3) The target structure will be designed to meet the following operational load 
environment«: free flight, captive flight, launching, handling, hoisting, and »hipping condition». A 
summary of the factors of safety are presented in Table III. 

b. Design Life. This section of the design criteria will define storage and operational life for 
the target system. The design life will consist of storage life, operational life, and readiness. 

(1) Storage Life. The target shall have a minimum storage capability of five years after 
packaging and acceptance and shall, after storage under conditions normally encountered in service, 
be capable of the specified performance. 

(2) Operational Life. The target shall have a reliable operating life in accordance with 
MIL-HDBK 217. The minimum reliable operating life »hall be fifty hour» from time of acceptance 
to removal for bench servicing. The reliable operating life of fifty hours shall include normal captive 
and free flight, preflight checkout, and system testa. 

(3) Readiness. The target shall be designed to require the least possible test or checkout 
after delivery. 

c. Atmospheric- Environment, The Urget shall be capable of guaranteed performance during 
or after encountering the probable surfte« extremes based on "OperaUons.Ground,Worldwide" and 
"Operations, Shipboard, Worldwide" conditions in accordance with M1L-STD-210A. 
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TABLE II. MATERIAL FOR EVALUATION 
mm 

Material Type 

Iron-Base Super AUoys (CR-NI) Wrought 

AGE Hardcnable Stainless Steel Wrought 

AGE Hardenable Stainless Steel Cast 

Ultra High Strength Steel Wrought 

Nickel Base Super Alloys Cai>l, Wrought 

Titanium 

Aluminum 

Designation 

B-979 

17-4 PH 

17-7PH 

PH 15-7 M 

PH 14-8 M 

AM-355 

H-ll 

D-6A 

4340 

18 Ni 

Inconel X-718 

Rene-,., H-ll 

Ti-6AL-4V 

T1-1AL-8V-6FE 

Ti-3AL-13V-llCR 

2219-T62 

Density 
Ib/cu in 

0.295 

0.280 

0.276 

0.277 

0.278 

0.282 

0.283 

0.283 

0.290 

0.296 

0.298 

0.160 

0.168 

0.176 

0.103 

TABLE III. FACTORS OF SAFETY 

Yield 

Ultimate 

Proof Pressure 

Burst Pressure 

Casting Factor 

1.15 Limit Load 

1.50 Limit Load 

150% Working Pressure 

133% Proof Pressure 

1.33 
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d. Thermodynamic Environment. The target system will be exposed to many types of heating 
and cooling  from  many different sources during the design life of the system. The extreme 
temperature environments will be combined with critical loads environments, where applicable, to 
determine it»« critical structural environments. The effect of thermal environments (MIL-STD-210A) 
aerodynamic heating, internal electronic equipment and thrust chamber and flare will be considered. 

e. Environmental Loads and Load Factors. This section of the structural design criteria 
specifies the load factors where applicable for the complete system structural environment. The 
system environment is divided into the following basic categories: ground handling, transportation, 
captive flight, ejection, free flight, and recovery. 

(1) Ground Handling. The ground handling environment will consist of hoisting, jacking, 
cradling, and handling. The target weight for this category will range from maximum to minimum. 

(a) Hoisting. The limit load factor for hoisting will be 4.0 acting through the center of 
gravity within the limits of a 20-dcgrec cone. 

(b) Jacking. The limit load factor for the jacking condition will be 2.0 vertical, 0.50 
fore, aft, and lateral. 

(c) Cradling. The limit load factor for the cradle condition will be 2.5 in all directions. 

(d) Handling. The limit load factor for the handling condition will be 2.5 in all 
directions. 

(2) Transportation. The transportation load factor environment will consist of the railroad 
shipment, truck shipment and aircraft shipment. The target weight variation for this category will 
range from maximum to minimum. 

(a) Railroad Shipment. The limit load factor for rail shipment will be a maximum fore 
and ait load factor oi t 7.Ü, tne maximum lateral load factor will be ± 3.5, acting singly or in 
combination. 

(b) Truck Shipment. The limit load factor for truck shipment will be a maximum fore 
and aft load factor of t 7.0, the maximum lateral load factor of t 3,5, acting 'ingly or in 
combination. 

(c) Aircraft Shipment. The limit load factors which can be considered to be imposed 
upon the cargo during normal flight or in emergencies is as follows: forward • 8.0 g's, sideward -1.5 
g'l, vertical (up) - 2.0 g's, aft -1.5 g's. 

(3) Captive Flight. The target will comply with MIL-A-8591C wing carriage. The captive 
flight conditions will be investigated for the entire lai.nch envelope for the respective carrier 
aircraft. From the launch envelope, shown in Figure 24, the maximum and minimum aerodynamic 
loads will be generated in accordance with MIL-A-S591C. The captive flight aerodynamics will be 
produced from free flight aerodynamics by using appropriate wind tunnel tests. 

(4) Ejection. The target shall be capable of being launched from any point within the 
nvelope. launch envelope 

(6) Free Flight. The target missile shall be designed to w'.hstand all loads produced in the 
free flight regime under the criteria established in this section. This section will be divided into 
aerodynamic loads, maneuvering loads, and boost loads. 
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Figure 24. Captive Flight and Launch Envelope 

(a) Aerodynamic Loads. Free flight aerodynamic characteristics will be derived from 
Technical Report AEDC-TR-7M78, Static Stability and Inlet Characteristics of the HAST Missile 
at Transonic Mac1.» Numbers, September 1971, for the range of Mach numbers from 0.8 to 1.35 and 
Technical Report AEDC-TR-72-6, Aerodynamic Characteristics of the HAST Missile at Mach 
Numbers 2.25, 3 and 4, January 1972, (References 1 and 2). 

The free flight envelope and other missions will be investigated completely to determine the 
maximum aerodynamic forces and moments. The maximum aerodynami loads will be 
superimposed with other applicable loads and conditions, such as thermal stresses, temperature 
environments, gust loads, and maneuvering loads. The critical loading conditions will be determined 
by considering all phases of the environment. 

(b) Maneuvering. The ma\imum limit load factor for maneuvering will be * 5.0 g'i. 
The maneuvering capability of the HAST vehicle is given in the following set of maneuvers: 
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TABLE IV. MANEUVERING CAPABILITY 
MMMMMMtoMMMMII ~ ' ~ MMMfe 

"S" turn @ 35K Mach 2.6 • 2.8 

"S" turn 0 90K Mach 1.8-4.0 

180° turn @ 35K Mach 2.6 - 2.8 

180° turn (* 90K Mach 1.8 ■ 4.0 

Vertical (up-down) @ 35K Mach 2.6 - 2.8 

Vertical (up-aown) <& 60K Mach 1.2 • 3.5 

Change in altitude of t 5K, between 40K and 90K. in 20 seconds. Mach 1.2 - 4.0. 

The maneuvenng loads wiU be combined with gust loads in a manner which will model the 
probability of gust during maneuvers. 

4.   STRUCTURAL DEaIGN LOADS 

This section presents the loads used in the stress analysis and static testing of the HAST vehicle 
The loads presented are the design loads determined to be the most severe loads expenenced based 
on the structural Design Criteria desenbed above. 

a Body Limit Loads. Body limit shear and bending moment diagrams are presented in Tables 
V through IX. Tables V through VIII are determined from captive flight conditions and Table IX 
was determined from ejection loads. 

04 04 i.a t.a 
MACH NUMBER 

20 3.4     26 

Figure 25. Aerodynamic Loading Conditions 
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TABLE V. STATIC TEST LOADING, CONDITION CP6PPyPN 

Vertical Associated Lateral 

NUssile 
Station Load 

Resultant 
Shear 

Resultant 
Moment Load 

Resultant 
Shear 

Resultant 
Moment 

14.0 •305 ■305 - ■2G0 -260 

42.31 ■1369 1674 ■8,635 -1090 -1350 -7,361 

76.62 442 ■1232 -66,070 -1140 -2490 ■53,679 

89.81 (Reaction) 
•4708 

•5940 -82,333 
■73,510 

(Reaction) 
■1753.5 

-4243.5 ■86,522 

112.64 276 -5664 ■209,120 ■1500 -5743.5 ■183,401 

122.25 (Reaction) 
10,497 

4833 ■263,551 (Reaction) 
10,869.5 

5126 ■238,596 

130.65 +56 4889 ■222,954 •500 4626 -195,538 

149.00 ■1847 3042 -133,241 •2100 2526 •110,651 

192.81 -3042 0 +29 -2526 0 +13 

LOADING CONDITION CODING 

(J* 

l_ P - Positive 
Airload Yawing Moment • ^ . Negative 

P • Positive 
— Airload Side Force - ^j . Negative 

— Aerodynamic Loading Condition 
(Figure 25) 

P - Positive 
— Yawing Acceleration - ^ . Negative 

P - Positive 
— Pitching Acceleration - ^. Negative 

— Pt. No. on Load Factor Envelope 

— Type of Loading Condition 

CF • Captive Flight 

CA - Catapulting 

AL • Arrested Landing 
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JAB^vfTSGNHLOMy^ 

Captive Flight (MIL-A-8691C) • Condition 19 of Figure 25 

Nz - -6.0 (down); d - 8.0 (nose up; 

Buttock Vz Mx2 3My 

Line Load S Y 

19.583 
472.578 193.323 19.583 

472.58 0 •204.33 

18.26 
17.923 171.772 18.763 

490.50 634.24 174.19 

16.79 
77.732 182.349 17.860 

568.24 1438.46 993.63 

15.32 
15.464 149.177 16.140 

583.70 2286.36 1669.63 

13.85 
220.493 186.585 14.763 

804.19 3345.68 3060.05 

12.38 
60.178 180.472 13.187 

8'!4.37 4576.39 3807.40 

10.91 
222.692 184.954 11.635 

1087.06 6008.54 5574.90 

9.44 
184.273 160.498 9.997 

1271.34 7709.24 11544.14 

7.97 
280.222 177.474 8.339 

1551.56 9681.61 15864.27 

6.50 
•9.777 173.890 6.761 

1541.78 11959.85 15678.50 

1 L(Aii) - 176.39 (not Included); X(Ai]) - 198.556; V(Ai) m 12.959 

2 Mx(fin) " 2166.67 in-lb (not included) 

Total load - 1718.17; X^ - 183.184; YCp - 15.385 (included MXF and the ^eron load) 

Load (w/o aileron) • 1541.78; X^ - 182.722; YCp - 14.257 

3 Ref Axis - 192.891 
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TABLE VII. WING NET LOADS DISTRIBUTION, (W/O AILERON) 

Captive Flight (MIL-A-8591C) - Condition 20 of Figure 25 

Most forward center of pressure - Maximum Mxp 

Nz - 6.0 («■'own); 6 ■ 6.0 (nose up); See Condition 19 of Figure 25 for inercia loads. 

Buttock 
Line 

19.583 

18.26 

16.79 

15.32 

13.85 

12.38 

10.91 

9.44 

7.97 

6.SO 

1 

2 

3 

1 
Load 

270.-^ 

48.34 

126.68 

53.79 

71.91 

70.79 

77.78 

401.02 

254.65 

15.22 

189.393 

171.739 

176.757 

157.597 

158.178 

143.419 

150.825 

146.519 

137.908 

192.699 

19.583 

13.764 

17.776 

16.160 

14.683 

13.053 

11.512 

9.983 

8.603 

6.560 

I 

270.45 

318.7^ 

445.47 

499.27 

571.18 

641.97 

719.75 

1120.77 

1375.43 

1360.21 

2M, 

0 

382.15 

975.73 

1675.75 

2469.58 

3356.89 

4347.40 

5623.03 

7431.71 

9452.68 

I^a) - -3.33 lbs @ (197.844,12.476); (not included) 

Mxp - 2672.65 in4bi (not included) 

Reference Axis - 192.891 

3M, 

946.16 

1968.64 

4012.52 

5910.96 

8407.20 

11909.34 

15181.26 

33777.45 

47778.97 

47776,051 

Total Load -1356.88 lbs.; (X - 157.669, Y - 15.4215) (W/fin and aücron 

Load (w/o aileron) - 1360.21 lbs.; (X - 157.767, Y - 15.414) 

loads) 
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msmmammmmtmmmm ■ iiirin^iifriirrY"firrii1i7iiTi 
FLIGHT, MAXIMUM BENDING CONDITION 

mmm 

Lu ■ 307.1 lbs. @ (186.634, 105.37)        LL ■ 804.8 lbs. @ (186.634. 94.63) 

Water 
Line Load X Z 

vy 
lMx 2M2 

113 

110.5 

108 

105.5 

103 

100.5 

100 

99.5 

97 

94.5 

92 

89.5 

87 

38.33 

22.13 

63.55 

100.26 

82.83 

217.07 

262.76 

1CS.55 

57.99 

100.43 

198.598 

191.448 

188.182 

186.594 

178.674 

178.674 

186.594 

1 UU 1 oo 
•»ww.-" 

191.448 

198.598 

111.320 

108.942 

106.731 

104.236 

101.992 

98.008 

95.764 

93.269 

91.058 

88.680 

0 

38.33 

60.46 

124.01 

224.27 

307.10 

307.10 
804.80 

804.80 

587.73 

324.97 

158.42 

100.43 

0 

0 

-31.42 

-148.08 

-377.45 

-811.41 

-1495.68 

-1649.23 
4322.05 

3919.65 

2126.43 

989.16 

388.06 

82.33 

0 

0 

-15.40 

■ 182.52 

-8 70.04 

-2113.98 

-3797.60 

3797.60 
-9952.16 

■9952.16 

■5539.99 

■2280.07 

-478.32 

-40.37 

0 

Reference Axis - Water Line 100.0 

Reference Axis - Missile Station 199.0 
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mam lÜügbU.^ftl'JUlTL^Lgl tUUllllilLUWülWLWliltUllJIll 

Vertical Vertical 

Missile 
Station Load 

Resultant 
Shear 

Resultant 
Moment Load 

Re-ultant 
Shear 

Resultant 
Moment 

14.0 1486 1486 - ■1477 ■1477 - 

4^.31 1251 2737 42,069 ■1089 ■2566 41,814 

76.62 1825 4562 135,975 21 ■2545 ■129,853 

89.81 (Reaction) 
-2475 

2087 196,148 (Reaction) 
1582 

-963 ■163.422 

112.64 265 2352 243,794 1864 901 ■185.410 

122.25 (Reaction) 
-6338 

-3986 266.397 (Reaction) 
-107 

794 -176,751 

130.65 -639 -4625 232,915 1251 ?,045 ■170,081 

149.00 1245 •3380 148.046 981 3026 •132 555 

192.81 3380 0 ■32 -3026 0 14 

b. Wing and Canard Free Flight Limit Loads. Critical free flight wing and canard limit loads 
are presented in Table X. Aero surface loads were calculated as total loads and distributed as point 
loads on each surface for use in a digital computer program. 

TABLE X. CRITICAL FREE FLIGHT PLUS GUST LOADS 

Condition Total Canard Wing Nose Body 

F35H2.8+G 5216 599 3455 413 749 

F40H0.2+G 4982 1753 1287 336 1606 

F90V4.0+G 2155 196 1517 206 236 

Example Conditional Designation 

F • Free Flight 

35 . 35,000 ft altitude 

H • Horizontal Maneuver 

2.8 • Mach Number 

G • Gust Load Increment 
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v^Tut Wine and Stabilizer Captive FUgHlLoaS^ISificffl^vin^RnfflBB^fflPWPWffl'^flWi!!" 
loads are presented in Tables VI throuRh VIII. These loads were derived using the angles of attack 
and sideslip as prescribed in MIL-A-8691C for wing carriage of stores. 

c Airload Data. HAST airloads are based on the aerodynamic data as discussed in the 
previous section. Component air'oads were calculated for ten free flight maneuver conditions and 
twenty-three captive flight conditions. 

d Inertia Loads. Free flight loads are based on varying weights determined from performance 
data. The weight of the missile at a given altitude-velocity combination dunnß a specified mission 
was used. 

5.    FREE FLIGHT LOADS 

Free flight loads were calculated for several points along the high speed, high load factoi 
boundary of Figure 25. and at 40.000 feet and Mach 1.2 gust increments were directly added to 
these conditions. The total laods were divided into component loads using a computer program 
based on NASA Report 1307, Lift and Center of Pressure of Wing, Body, and Tau Combinations at 
Subsonic. Transonic and Supersonic Speeds (Reference 3). 

Examination of Figure 1 indicated that the following conditions produce loads that should be 
investigated. Component loads for these conditions are presented in Table XI. 

TABLE XI. FREE FLIGHT LOADS 

Mach Number - 2.8 Altitude - 35,000 ft Weight - 719 lbs 

Maneuver Load Factor - 5.0 Gust Increment - 2.2G4 

Mach Number - 1.2 Altitude - 40,000 ft Weight - 895 lb« 

Maneuver Load Factor - 4.66 Gust Increment - 0.917 

Mach Number - 4.0 Altitude - 90,000 ft Weight - 806 Ibn 

Maneuver Load Factor - 2.5 Gust Increment - 0.173 

6.    LOAD DISTRIBUTION 

Airload distribution» were accomplished by using equations derived from the potential flow 
theory as presented in NACA TN 1662, Aerodynamic Properties of Slender Wing Body combination 
at Subsonic, Transonic and Supersonic Speeds, Ames Aeronautical Laboratory, July 194» 
(Reference 4) Potential flow theory was determined to be applicable since the HAST airframe is a 
slender body (L/D - 15.4) with a low aspect ratio wing (AR - 0.593). In addition the body is iiear 
the center of the Mach cone. Other analysis methods investigated were the Ackeret and Buseman 
linear theories and Newtonian theory. The airload distribution on the body in the presence of the 
wing was predicted by using the equation noted on the following page. 
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ex 
4a 3 \\%    (■•si) 

dc 
dz ) 

(12) 

(-'J)(t-i(- si)K(Tr*r) ■^     (    I    +    a*2 dx    V ^       S2 

Where L = Lift 

q ■ Free-stream dynamic pressure 

a • Radius of body 

S " Local Semispan 

Similarly, the airload distributions on the canard und wing were determined by using the 
following equation: 

Ap 

^w 
4a £(' •£M['t(^-i£-) 

n> '■£)■(£) ö -f) 

(13) 

Where P ■ Static pressure 

q ■ Free stream dynamic pressure 

S ■ Local semispan 

a - Radius of body 

r ■ Span wise coordinate variable 

Strength analysis of the aerodynamic surfaces waa accomplished by using the distributed 
airloads in a finite element digital computer program. 

7.   CAPTIVE FLIGHT LOADS 

Captive flight loads were calculated using the method outlined in MIL-A-8591C for 
twenty-three captive flight, catapult and arrested landing conditions. The inertia load factors for 
wing mounted stores were used. The twenty-three captive flight analysis conditions are shown in 
Figure 25. 

The maximum lug and sway brace loads determined from this analysis are shown in Table XII. 
These loads were used to substantiate the strength of the airframe substructure. 
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TABLE XII. CRITICAL CAPTIVE FLIGHT LOADS 

Lug and Sway Brace Limit Loads 

Load Type Load (lbs) 

Forward Lug Tensile 14303.0 

Shear 10972.0 

Aft Lug Tensile 29025.0 

Shear 10972.0 

Left Forward 
Sway Brace Comprcssive 8985.0 

Right Forward 
Sway Brace Compressive 8985.0 

Left Aft 
Sway Brace Compressive 21651.0 

Right Aft 
Sway Brace Compressive 21651.0 

The maximum body shear and moment loads occur during captive flight and ejection and were 
presented in Tables V through IX. These loads were used to structurally substantiate major sections 
of the body. 

8.   STRENGTH SUBSTANTIATION 

The structural integrity of HAST structure was substantiated by both analysis and testing. 
Selected segments are presented. 

a. Body Analysis. The primary mode of failure for the payload section and the forward body 
guidance section were determined to be from buckling. The primary mode of failure of the oxidizer 
tankage was attributed to tensile failure due to the combination of body bending and internal 
pressurization. Conventional methods of stress analysis were used for the structural substantiation 
of the body. Margins of safety are presented in Table XIII. 

b Aerodynamic Surfaces. A structural analysis of the wing using a finite element digital 
computer program was accomplished. Distributed airloads for the critical flight conditions were 
applied to a representative structural model. Analysis indicated that the wing was capable of 
sustrinmg the static loads imposed. The canard was analyzed in a similar manner as the wing and 
determined to be structurally adequate. 

r>ince the finite element and analysis method is used extensively in the structural substantiation 
of najor componenU of the HAST airframe, a brief explanation of the theory involved follows. 
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TABLE Xlll. STRUCTURAL MARGINS OF SAFETY 

MaU-nal Thickness 

i 
De&isn Load 

Condition 
Margin 

of Safety 

Nü*e Cone 17-7 PII 0.025 Ejection 0.60 

Forward Body 17-7 I'M 0.040 Ejection 1.19 

NitroRi-n Torus Tank 17-7 PH N.A. Burst 0.00 

Fwd Oxidizer Tank 17-7 PH 0.032 Captive Flight 0.09 

Fwd Launch Pin Frame 17-7 PH N.A. Free Flight 0.41 

Aft Oxidizer lank 17-7 Pll 0.063 Captive Flight 0.17 

Aft Launch Pin Frame 17-4 Pll N.A. Captive Flight 0.00 

Mid Body 17-4 PH 0.06 Captive Flight 0.15 

Canard 17-4 PH N.A. Free Flight 0.27 

Fwd Win? Attach Frame 17-4 PH N.A. Captive Flight Large 

Wing PH 15-7M N.A. CaptiVtl Flifht 0 96 

Aft Wing Attach Frame 17-7 PH N.A. Captive Flight 0 10 

Stabilizck PH 15-7M N.A. Captive Flight 0.10 

(N.A. - Not Applicable) 

The itructure u modeled in a »cries of discret« structural element« joined to form a series of 
nodes. The model used for this structure is discussed in the following section. Once the model has 
been designed, a stiffness matrix can be generated for each element. An element stiffness matrix 
relates the forces and displacements of the element, i.e. - 

p    -    Kp        v 

wheff 

p ■ column of element nodal forces 

v - column of element absolute displacements, and 

Kp ■ element stiffness matrix 

(14) 

The stresses on the element boundaries must be replaced with force resultants at the nodes. 

From a consideration of the compatibility of the element disptntements at each node and the 
equilibrium of the internal and external forces at each node, the element »tiffness matrices can be 
combined to form a stiffness matrix for the structure. The resulting force-displacement relation is 
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f   -    Kf       d (15) 

where 

f - column of external forces (loads) at the nodes of the structure 

d " column of displacemenU at the nodes of the structure, and 

Kf ■ structure stiffness matrix 

The preceding equation can be solved for the displacements when the loads and the constraint« 
on the structure are specified. Alternately, an element stress-displacement relation of the form 

o    -    S    v (16) 

where 

o ■ column of element stresses 

v ■ column of element absolute displacements, and 

S ■ element stress matrix 

can be used to calculate selected SUTSROS in the element«. 

The calculations described above are performed automatically by the computer program once 
the structure nodal coordinates, elements, load« and constraints have been specified. 

c. Structunl Static Test. A structurally complete Model 1070 HAST missile was «ubjectcd to 
static loads to determine structural adequacy for flight conditions found to be critical. Dummy 
■cuiatuia   wnr   inswuii-u    Uj   luCk   uic   LIUWUUS   «UIU   üir   iuiriOi'iä   aiiu   uiuisici   üie  liiiigc iiiOrnci'iU 
resultant from the loading into the basic structure. The test article was mounted in an inverted 
horitontal position on a reinforced 10-inch wide flange steel I-beam, using steel brackets to simulate 
launcher attachments ut launch pins and sway brace points. The I-beam was supported at missile 
stations 61 and 155 so that the test article ccnterlinc was approximately 75 «ir.ches above the 
laboratory floor. The entire trst artiH > was assembled and mounted during the vertical stabilizer 
test. Load was applied to the stabilizer through compression pads. 

A dummy stabilizer wa« substituted during ving and aileron tests to simplify application of 
stabilizer moments to the wing. Distributed loads vre applied to the wing through compression 
pads, tension patches cemented to the ailerons, and tht dummy stabilizer. Compression pads were 
cemented to the canards for distributed load application and location. Vertical and horizontal loads 
for body tests were applied through canard and wing attachments, and load bands located at missile 
stations 14.0, 76.62, 112.64, and 130.65. The wings were removed and stub fittings installed at the 
wing attachment points. Drag loads were applied through wing attach fittings and/or the canard 
hinge. Load was supplied with hydraulic cylinders which were anchored to the laboratory floor or 
to a structural steel framework; two small loads were supplied by using weights. Whifflctrees were 
used to combine the applied loads to minimize the number of hydraulic cylinders necessary for load 
distribution. Pressure« were metered to the cylinders by a Model 10 M Hydraulic Load Maintame;, 
manufactured by John S. Edison, Inc. 

Strain gages were installed on the test article. The gages were connected to a B and F 
Instruments, Inc., Multichannel Digital Strain Indicator, Model SY161-60V-P3, Serial 381, which 
provided a printed readout of strain at each increment of loading. Graduated scales were suspended 
from the test article. The scales were read during test with a surveyor's transit. Each hydraulic 
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cylinder was connected to the U-st article throuch a BLH Electronics load cell. Each load cell, 
cylinder and load mainUiner combination was calibrated in the Baldwin pull test machine pnor to 
U'st. The load cells were monitored duruig test to assure proper loading. 

d. Method of Test. The calibrated stabilizer load system waa set up and a set of deflection 
scale and strain paso readings was taken. Load was applied to 20, 40, GO, 80, 100, and 115 percent 
of limit load. Load cell, strain gage, and deflection scale readings were taken at each increment. 

The calibrated wing load system for Condition 19 was set up and a set of deflection scale and 
strain gage readings was taken. Load was applied to 20, 'lO, 60, 80, 100 and 115 percent of limit 
load values for Condition 19. Load cell, strain gage and deflection scale indications were recorded at 
each increment. This procedure was repeated using Condition 20 setup and loads. 

The calibrated body load system was set up for Negative Ejection Condition and a set of strain 
gage and deflection scale readings was recorded. Load was applied in increments to 20, 40, 60, 80. 
100 and 115 percent of limit load. A set of load cell, deflection scale and strain gage readings were 
recorded at each increment. This procedure was repeated for Conditions Positive Ejection and 
CF6PP7NP (See Table V). 

Figures 26 through 34 present dellection curves resulting from loads application to major 
structural subsystems. After applying 115 percent of limit loads in each test condition, the applied 
loads were removed. No evidence of permanent set or deformation was observed. 

Application of ultimate loads were not attempted since the static test vehicle was required as an 
antenna alignment and RE payload vehicle. 

9.   AEROELASTIC ANALYSIS 

To assure a flutter-free vehicle throughout its flight regime the following maximum dynamic 
pressure configurations have been investigated for both subsonic and supersonic flight: 

TABLE XIV. DYNAMIC PRESSURE CONFIGURATIONS 

Mach No 

Full Gross Weight 

Most Forward CG 

Launch 

Launch 

Cruise 

Forward Oxidizer Empty 

Most Aft CG Cruise 

Forward Oxidizer Empty 

Most Aft CG Cruise 

High Temperature 

0.9 

2.0 

2.6 

2.6 

4.0 

Altitude (Ft) 

40,000 

50.000 

35,000 

35,000 

90,000 

Configuration Designation 

Symmetric 

100C 

100C 

102F 

102F 

104F 

Anti-Symmetric 

101C 

101C 

103F 

103F 

105F 
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Figure 26. Vertical Stabilizer Deflection», Condition 20 
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Figure 27. Wing Deflections, Condition 19 
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Figure 28. Wing Deflectiom, Condition 20 

58 



TRAILING EDGE 

140 

I 0.30 

0 20 

0.10 

q^- 

20 40 60 80 
PERCENT LOAD 

100 118 

Figure 29. Aileron Deflection«, Maximum Load Condition 

a. Analysis. The technique used in the Btructural dynamics representation of the missile is that 
of a finite element model employing plates and beams in a component substructure coupling 
.JU —«l-_ I...I. 
*ift/A«M«/it m*tmtjm*m. 

In the symmetric analysis of the launch configuration the vehicle waa constrained in vertical 
translation at its launch lug attach points (reference Body Stations 89.81 and 122.25). The first six 
symmetric vibration modes for configurations 100C, 100F, and 102F are presented in Tables XIV 
and XV. The effects of heating on structural stiffness at a Mach number of 4.0 were investigated in 
Configuration 104F. The high temperature mode shapes (Configuration 104F) are nearly the came 
as |M low temperature mode shape« (Configuration 102F) although a consistent decrease in 
frequency was realized as was expected. 

In the anti-symmetric analysis the missile required a full six-degree«-of-freedom at all modes 
except those along the body whicii were constrained in longitudinal translation vertical translation 
and pitch. Due to the large number of required degrees-of-freedom and the nature of the launch 
constraints the missile was analyzed as three substructure components. 

A least squares curve fitting routine mintmirlng the error in bending slopes as well as deflection« 
wa« used to generate coefficienU for a surface polynomial representation of the vibration mode 
shape«. The«« polynomial repreaentation« were used a« input into the «ub«onic and «upereonic 
unsteady aerodynamic programs. 

The subsonic unsteady aerodynamic [ rogram is baaed on the Doublet Lattice method of 
representation and ha« the capability of modeling a coplanar canard-wing and control surface 
configuration. Supersonic unsteady aerodynamics were generated using the Mach Box technique. 
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Figure 30. Canwrd Deflection, Maximum Lo»d Condition 
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Figure 31. Body Deflection«. Lateral Conditioni 

61 



VERTICAL DEFLECTION 

20 
PERCENT LOAD 

40 60 80 100 116 

-0J 

M 
ui 
X 
| -0.6 

I 

i 
5 
"-OJ 

1.0 

■U 

 -^4  

Figure 32. Body Deflection!, Vertical 
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Figure 33. Body Deflections, Negative Ejection Condition! 
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Figure 34. Body Deflection», Positive Ejection Condition! 
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The anti-syiiimetnc aorodynamic rpprescntat'on of the vehicle is the same as that of the 
symmetric representation with the addition of the vertical stabilizer which contributes mainly to 
the aft body side bending degree-of-freedom. 

The flutter program is i-apable of handling a constrained and/or free-free analysis. The 
eigenvalue-eigenvector routine employes the QR method (Reference 5). 

Due to the similarity of the 102F and 104F structural mode shapes, the generalized 
aerodynamics of the lOLF configuration at a Mach number of 2.6 was applied to the high 
temperature 104F configuration to determine stability trends due to heating. Overall, the 
symmetric flutter analysis verifies that the basic vehicle (controls locked) to be stable throughout its 
flight regime. 

Due to the similarity of the 103C and 105C stnrtural mode shapes the generalized 
aerodynamics of the 103F configuration at a Mach number of 2.6 was also applied to the l.!gh 
temperature 105F configuration to investigaU1 stability trends due to heating. The antisymmetric 
flutter analysis verifies that the basic vehicle (controls locked) to be stable throughout its flight 
regime. 

In the svmmetnr amilysis the canard was represciucd o^ an active control surface in the cruise 
cüiifigurauons and inactive during captive flight analysis. 

The aile/on was considered primarily as an anti-symmetric device although high frequency 
lymmetnc motion against the actuator stiffness (usually referred to as free-play) could occur and 
wa«, therefore, investigated. 

TABLE XV. MODAL FREQUENCY - CP.S. 

SYMMETRIC CONDITION 

Mode 
Number r "OC 

Configuration 
iOOF Jö2r iö4r 

1 23.88 34.28 36.2 33.48 

2 30.63 76.95 79.42 74.29 

3 79.41 88.17 104.90 97.93 

4 1-22.20 141.81 153.6 146.84 

5 159.70 195.69 197.5 184.81 

6 200.40 213.78 258.50 243.91 
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TABLE XVI. MODAL FREQUENCY 

ANTI-SYMMETRIC CONDITION 

Mode 
Number 101C 

1 

2 

3 

4 

5 

6 

45.3 

79.7 

91.0 

164.1 

173.31 

103.37 

Configuration 
103F 

48.2 

82.9 

110.5 

177.91 

178.83 

193.77 

IbF 

43.76 

77.56 

99.22 

167.42 

172.79 

136.18 

b. Free-Free Vibration Test. A flight configuration vehicle desiunated KJ-1 was suspended at 
the launch lugs with springs. The natural frcquencici of the suspension system were determined to 
be low and would not influence the test results. Shivers were placed at missile stations 35.75 and 
200.0. The test waa conducted to locate response frequencies by taking frequency sweeps and then 
taking modal readings at resonant frequencies. Comparison of analysis and test frequencies are 
presented in Table XVII. 

TABLE XVII. MODAL FREQUENCY C.P.S. 

FREE-FREE    "»NDITION 

Mooe number 

1 

2 

3 

4 

5 

6 

Analysis 

100 F 

34.28 

76.95 

88. j 7 

141.81 

195.69 

213.28 

Test 

32.3 

78.9 

110.1 

Comparison of analytical and test results indicate that the analytical modes do represent the 
actual vehicle. The analytical flutter analysis, tnerefore, does have an acceptable level ot confidence. 

10. MISSILE WEIGHT 

The HAST airframe consists of cast stainless steel frames, bulkheads and fittings. Heavy framing 
members enclose the wings. The HAS! subsystems include positive expulsion system, ram air 
turbine, recovery system and a full complement of payload. The basic vehicle with RF payload 
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vwight« 1210.0 pounds. Tlie complete vehicle with both UF and III >ayload« weighs 1256.5 
pounds. VWight disUibutions for both basic vehicle with KF and basic vehicle with RF ♦ 1R payload 
arc pn-scnU-d in Table Will. 

TABLE XVIII. WEIGHT DISMIBUTION 

ITEM WEIGHT 

AFCS 37.0 

FuselaRp 161.4 

Canards 13.3 

Electncal 12.1 

Propulsion 186.3 

1TCS 15.1 

Recovery 40.8 

Stabilize)« 9.2 

Wings 31.9 

Payload 75.4 

1 
Itt.W 

Uuble Oxidizer 480.2 

Usable Nitrogen 3.3 

Basic Launch - with RF 1210.0 

IR System 46.6 

Baaic Launch ■ with RF ♦ IR 1256.5 
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SECTION VI 

FLIGHT CONTROL SYSTEM 

This section presents a chronological mmmury of the enmneenna Hctmly dimno thp 
development ot UIP HAST flight control system. Figure 35 illustrate« the siRmficant milestones of 
this effort. Each milestone will be discussed in view of its context and contribution to the overail 
system development. 

1.    LINEAR ANALYSIS 

Linear analysis of the airfrarne and the control system was performed to assure that a single 
pun stability augmentation system was feasible over the entire performance envelope and that gain» 
selected could perform satisfactorily. 

Becauso cross-axis coupling is minimal the rirframe equation» were treated by classical 
separation of longitudinal and lateral-directional equation». Further, by utilizing the throttling 
concept, speed effects around vanou« specific flight conditions were neglected and independent 
modr» of motion were treated separately. A total of 25 flight condition», representing the proposed 
HAST performance envelope, wa« studied. 

A complete set of control system gams wa« chosen by linear analysis technique» to be used in 
furt'ier analyses. The longitudinal axis gams which govern canard position were chosen to be: 

Kq Pitch rate gain - 0.6 rad/rad/scc 

KAh   • AltitudecrTorgain-0.12rad/1000 ft 

K^h   - Altitudecrror rate gain-0.77 rad/1000 ft/sec 

In general terms, these gain» provide unoeraamped longitudinal charactemtict at low dynamic 
pressure« and overdamped characteristic» for high dynamic pressure«. The lateral-directional axu 
gain« which govern aileron position (fixed vertical stabilizers are used) were chosen to be: 

K^   - Yaw error gain " 1.0 rad/rod 

K^fl Roll error gain ■ 5.0 rad/rad 

Kp Roll rate gain - 4.0 rad/rad/sec 
S*8 

with lead-lag compensation in roll and roll rat« term« of s>50'  '^ie re«ulUreenipha«ized the fact 
that heading control with aileron« only cannot be affected for negative lift, in the HAST 
configuration this condition exist« when the car.ard surface« are leading edge down. Consequently, 
heading control nuat be removed during these canard excursions or at any time a negative normal 
load is present. 

2.   THREE DFGREESOF FREEDOM SIMULATION 

The known nonlinearitie« and hardware characteruticc were modeled with the decoupled 
equation« of motion into a point stability analog computer «imulation of the «tability augmentation 
portion« of the flight control system. The objective« of thi« «imulation wi*re to investigate the 
effect« of actuator rate«, gyroscope characteri«tic«, and nonlinearitie« on stability using previously 
(elected gain value«. In addition, gain margin and «ystem response for totally cloF?d loop operation 
were determined. 
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For the most part the rm.lU of linear analys.» were reinforced. The lonRilud.nal gain set was 

^plU^Crfu" äÄd ,01. rau ,a,n. by . (.etc, o, ,.„. A„p,opnale .cta.tc, r.u-, «y.o 
charactenstics and ranges were also determined. 

3. COMPONENT SPECIFICATIONS 

At this stage of the development it became mandatory to complete purcha.se specifications and 
At. r; n.Ut t. .t hardware  These items included the canard and aileron servoamplifiers 

ÄtuTii Äar aX^oS the ^i daU system including the pitot-static tube 
"ceU^eU^-andTe^din^efSence Sroscope. Even though the maneuvenn« ^ ^-^ 
H.vm™ had not been proven by simulaUon. it was also necessary to commit the circuit disign 
mSaUn« the enuTe syLm. This was made feasible by the contractor retaining the dcs.pr, and 
manufSre of S circuits and absorbing change, necessity by further analyse, and Purchased 
SwieTrforLice. In many case, it became evident that ™™ ^™e™X™~^n\£r 
compromised by schedule and cost cons.deral.ons. These compromises were fully .n.lv"d  m later 

studies. 

4. SIXDEGREES-OFFREEDOM SIMULATION 

A hybrid computing faculty at Wright-Patterson Air Force Base was used for a complete night 
control system simulation. The objecüves of the .imulation were: 

.     Reinvestigate stability after inclusion of cross-axis coupling and in-flight maneuvenng 

• Finalize the throttle vaive control dc.i«n 

• Determine the effects of redefined hardware charactfiristics. 

• wvi«. mnffp of night renter» of gravitv and weifiht condition« were simulated. 

Simulation results indicated that the proposed night control System would P"^« «l^1« 
.UbS in chmb. cru..e and maneuvering night. Required maneuvers could be «complWied «ntfdn 
Sfe Ihmti of Sr.'rame loading and could be Initiated by command or on board timing. Turning, 
climbmg and iSiude hold capabilities appeared to far exceed the .ystem requirements. 

Several alternations to the conUol .cheme were investigated which could simplify ^e design 
-ru  ^ ^o^n^rnl rnncpot using energy altitude was abandoned when a design using only Mach 
^m£rr e^   exSited"^^Terfo^ce with greatly simplified electronic Another de.^ 
SufLS   would   be   to  remove   the  roll  rate  gyroscope   and replace  I    with  a  filtered 
Action circuit. Electronic circuit noise, at present, ha. prevented removal of the rate gyro. 

Several inadequacies in the overall design wore detected and corrected. The nwessUy of 
increlmni ro I Vnd roll rate gains for fiight conditions whore aileron effectiveness U low above 
KS fceU UsL apparent. An increat» by a factor of ten wa. incorporated for extremely high 
IltS n'ght and peaüy improved lateralirectional characteristics in that regnne Entrance and 
ex frem tu^rng S'uve« Exhibited high loading and poor response until command **W™ 
fncoiS«t«S Command shaping allowed the vehicle to respond more .moothly. ^'^"^'^ 
Sent loads and the resulting motions. High g level turns at relatively low speed, (hctated 
KÄ Smuü rat« for the heading reference gyro^ope inner gimbal (aximuth) Increased rate 
2low"thL inner gimbal to track the vehicle in any turn the airframe is capable of making within the 
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present performance envelope. An inner Rimbal torquing rate of 10 degrees per second (increased 
from 3 degrees per second) was required to minimize heading reference loss during turn maneuvers. 
Revision of the pushover/pullup maneuver circuitry was incorporated to reduce load and mcUon 
transients during onset and recovery of these maneuvers. These design refinements were successfully 
incorporated prior to the Design Review and were presented at that time. 

5. COMPONENT DtLIVERY 

The first set of purchased components was scheduled to be delivered in late November 1971. 
Since nearly all of this equipment was being developed solely for the HAST project, eaily delivery 
lates could not be met. Delayed delivery forced abandonment of planned system integration testing 

using breadboarded circuits. Since multilayer circuit boards require long lead time the flight control 
circuitry was committed without these tests. A single set of purchased components was finaJly 
accumulated by the end of February 1972. 

6. PRELIMINARY TESTING 

Engineering tests were made on the flight control hardware as it arrived. These tests had several 
objectives. I.i addition to establishing the actual performance characteristics of each component, it 
was also necessary to lay the groundwork for future quality assurance test techniques and lest 
equipment. During the course of development testing many deficiencies were discovered both by 
vendor and Beech testing programs. The following paragraphs summarize the general test results and 
the action taken to remedy performance inadequacy 

Servo-ampiifiers and actuators proved to be exemplary in many respects. Positioning accuracy 
under load reflects high stall torque and stiffness with minimal backlash. The actuators ire small, 
light and exhibit good overall efficiency. Several deficiencies were also indicated. Response and null 
stability of the aileron actuator dictatea an improved servo-amplifier design using an active lead 
circuit to provide greater stability. At the same time, the quality of electronic components in the 
amplifier was improved to lessen temperature effects and extend operating reliability margins. 
All aileron and canard servo-amplifier» have been replaced with this improved type. While the 
service life requirements were easily met, extended operations indicate a fairlv predictable actuator 
failure at about 130 hours of hot and cold environment operation under nominal flight loads. 
Additionally, the aileron actuator would not meet EMI tmniion requirements. These shortcomings 
have been verified by the manufacturer. The manufacturer has recommended a higher quality motor 
to increase MTBF and an internal wiring change to decrease EMI to acceptable levels. Several 
actuator« have been returned for new motors and EMI correction. Neither fault is expected to in 
any way compromise the flight test program. 

The angular rate gyroscope developed for the HAST flight control system is a standard 
production gyroscope with temperature compensation electronics added. Gyroscopes of this size 
and type generally exhibit t large variance in output characteristic« with temperature. Since the 
HAST environment include» both extreme hot and cold, temperature compensation wa« not only 
necessary but has proven to be «ucceasful. The gyroscope retained excellent sensitivity, response and 
«ecurancy. Because the AC output is demodulated to DC voltage level, the gyroscope output is 
sensitive to input power waveform and magnitude. This characieristic became evident as an uneven 
regulation was encountered in the missile power supply. At present regulation levels, a 10 to 15 
percent output error can occur. This level of error is acceptable because the system gain tolerance 
for dampening in pitch and roll (the primary use« of these signal outputs) is not crucial. 

Early testing of the heading reference gyroscope proved the feasibilty of torque control of the 
inner gimbal position control for high turning rate«. Analysis and testing of a prototype gyroscope 
led to control circuit redesign which improved both caging accuracy and stability of the inner 
gimbal position control. Doth aspecU were crucial to the success of later models with 
nine-detfees-por-second torquing rates. Early technical risk area« of this concept, internal heating, 
torquer scaling and hot and cold environment, were successfully eliminated. A problem of 
performance under vibiation was identified. A resonance centered at about 120 Hz drives the inner 
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pmbal at between three and five degrees per second at only a five g level. The H-venty of the 
dnve-out is caused by the large anti-syinmetnc masses of the torquer motors attached to the gimbal 
lujperuion system. Several attempts to alleviate the drive-out were stymied by other problem 
rcstrainu. Bearing tolerances which alter and reduce the resonance cause increases in static drift. 
Isolation mounting requires a much larger mount and increased volume allocation for unrestricted 
sway space After the vehicle free-free vibration testing indica'^d there would be very small forcing 
in the frequency domain around the 120 Hz gyro resonance -it its location, it was decided that some 
deviations in the specified performance would be acce^bie until the vibration environment could 
be defined by flight test data. 

Because of the extreme pressure resolution required to make accurate pressure altitude and 
Mach number indications above 80,000 feet, the testing of air data modules dictated the use of a 
relatively new and sophisticated pressure control and measurement instrument. The air data test set 
utilizes servo-controlled valves and quartz Bourdon tube manometers to control and measure both 
static and impact pressures used as inputs to the air data module. Use of this instrument has allowed 
an unprecedented ease in testing, repeatability and accuracy in the evaluation of the air data module 
at both the contractor and vendor facilities. 

Testing done by the vendor revealed a manufacturing problem in obtaining a static pressure 
diaphragm seal. The diaphragm seal is a difficult problem for several reasons. First, the accuracy 
requirements at very low pressures (high altitude) dictate a thin, flexible diaphragm; this causes the 
deflectionE of the diaphragm to be large at pressure altitudes below the range of the transducer, sea 
level to 30,000 feet. The flexibility over the required temperature extremes limit the arrangement 
and materials suitable for this critical seal. A technique using epoxy bonding has apparently proven 
successful, but development of this technique delayed deliveries. 

The configuration of the pitot-static tube hat been based solely on analysis of wind tunnel 
testing which defined the flow field characteristics of the HAST vehicle in flight. The success of the 
contour compensation being used must be determined by flight test. 

7. QUALITY ASSURANCE 

The information gained by engineering evaluation test« waa utilized to prepare a receiving, 
inspection, and ec "lance iesi for each major componeni uawi in uie flighi vuntiu! »y»l*iii. THVWC 
tetta follow a r inspection which aaaure« physical conformance to specification and the absence 
of shipping danuge. Acceptance test« were designed to cover all operation and performance 
requirement« of the component specification and are witnessed by DCAS personnel. Failure to meet 
the acceptance test criteria causes the component to be returned to the vendor for corrective action. 

8. PriEPROTOTYPE CONSTRUCTION 

All component of the flight control system were integrated into a preprototype system 
excepting tne gyroacopes and accelerometer. Thia rather elaborate breadboard was constructed for 
vie with real time computer simulation of the HAST vehicle in flight. It included actuator loaders, a 
Modified air data module, an oxidizer throttling valve, a cartridge relay board, a ground control and 
launch panel umulation. The actuator loaderi were capable of generating torque as a function of 
flight condition, aerodynamic coefficient and position. The modified air data module accepted 
electrical rather than pressure input to compute iU output. The cartridge relay board was used to 
initiate "onboard" programming In conjunction with the launch panel and lanyard switch. The 
normal complement of radio command« for maneuven and destmct could be initiated by control 
panel simulation. 

The preprototype system was a useful tool. Many integration problems such as surface 
directional «ense, wiring errors, grounding and component reliability were illustrated before 
prototype construction of the control system was begun. 
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9.    COMPUTER/HARDWARE SIMULATIONS 

,hJ^e2l POinrt Stfb'1,ty conditions were simulated in both lonptudinaJ and !ateral<llrection 
three^t^es-of.fnHxiom using the breadboard control system. The objecUve of these emulation» 

Zc^ZT ^ Hk ^ breadb0ard 0f,erat,0n Pn0r ^ lts ^'P'^"1 ^ Wr^fl'at "rson A" Force Base. Although thu objective was never fully realized, it was concluded that the breadboard 
equ.pment could bo used sat^factorily. ReliabiHty and some program soquenc.n« cont.nui to Je 
major problems with the very early digital logic and autopilot a^mbHe, a^od for SizuS Many 
problem« encountered dunng these s.mulat.ons proved to be peculiar to the equ.pmenl/power 
supply/computer interface at the contractor's faculty. ^.(„nr.n/power 

The breadboard control system  was transport«!  to WrightPattereon Air Force Base to be 

AFFDL and 4950 VNA personnel. The simulation was primarily intended to indicate the suitability 
of the system design to accomplish the 25 fight test mission, proposed. Secondary Mverdr^nge 
STvTr caJcft,ons WT ma^ to check against digiUJ calculations made by^e contrartor 
fTn^r   A^H ,      >:,nam,

(
CKand

fr
pulS10n P™™**" b^ on wmd tunnel and heavywe.ght mo to 

l^J^^X^ ot launcher induced tran81^ and 8urfa- ***th^ 
Results and conclusion« were presented to the sponsor. The system design philosophy and 

!3Z T WCre ,Ud.ged M te**1**1*^' ^t m.I(y deta.1 refmemenU and SpfovemeSuwere 
necMsao- for example, grounding plans needed to be rev^xl to mmimize crosswalk between 
canard and aileron actuatorv. Reliability improvemenU were sought in FET consols d3 
sequencing and maneuver command initiation. Performance daU correlation wieStntS 
reüsonable misalignment« could  be handled  by the c. itrol system. Launch t^isTentl n ovJd 

100 hour, spanning about 20 days operations. Many simulations were made requinnr Smolt 
continuous operation for 8 to 12 hours. Two veh.cle operational limitation, were dSeZ Äw 

Su^ultsT^ tt'T11^ ^^ U aVa,lablc ^ ** ram a'r turtine to support iti load This results in an inefficient climb trajectory to cruise conditions. Also pull-ups and push-overs at 
high g levels can qu.ckly extend beyond the boundaries of the performani cnveloSTpaSariv S 
a dive from low altitude. Both limiUtion. am b* »rro,m,^ fo,.« « Si nS?r -^•-"-" 

 —.   — r «.««.waMM   ttummms*»*   pUUIU«*4&(|. 

10. FLIGHT VEHICLE CONSTRUCTION AND TEST 

During that same period it was also necessary to devise the acceptance test procedures and test 
ZUA'TZ^Z^ *™tionMy^ ** ™y complex system perfo^l^u rem^nU Ö 
control L^mf^ho^6' eVOlV? ^ 0f "^ ^ ^ "'^euvenng function of the High 
f   . J^T      , ,      P™«""""1^  «nd commanded  sequences. Test equipment develoitd 
included three electronic test console, which contain all the readout equipmeS dcve,0Ped 

11. FLIGHT CONTROL SYSTEM DESCRIPTION 

Wifm^ZTlo^tZl01 ?* rnt!0n ^ c^^^tion of the HAST flight control 
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commands and the launch safety inhibit to canard actuation (two seconds). Figure 38 illustrates the 
canard servo system. 

Interfaces with functions other than canard control shown in Figures 36, 37, and 38 are roll 
and roll rate gam schedule logic and recovery altitude logic. 

The aileron control is summarized by Figures 39. 40, and 41. These schematics illustrul« how 
the ailerons are used to control yaw altitude and roll attitude. The blocks at the left of Figures 39 
and 40 show sensor and maneuver command sequencing interfaces. Figure 41 rcprescnU the aileron 
servo-system. 

The throttle position command it shown schematically in Figure 42. This schematic shows how 
Mach number is controlled in the cruise portion of a HAST mission. Again the blocks at the left 
show the sensor and command interface« while the right illustrates the oxidizer throttling valve and 
climb program interfaces. 

Nominal design value« for scaling and range which may be used in computations involvin« these 
schematic are contained in Table XIX. 

TABL E XIX. HAST SENSOR RANGE & SCALING   

Sensor 

Air Data Module 

Heading Reference 
Gyroscope 

Pitch or Roll Rate 
Gyroscope 

Normal 
Accelerometer 

Parameter 

Altitude 

Mach Number 

Impact Pressure 

Yaw Attitude 

Roll Attitude 

Derived Yaw 

Pitch Rate 

Roll Rate 

Normal 
Acceleration 

Range 

35,000-105,000 Ft 

0.85-4.0 

0-1000 psf 

♦22.0 (K) to 42.8 (L) Deg 

+120(L)to-120(R)Deg 

0 to 200 Deg 

♦100 (DN) to-100 (UP) 
Deg/Sec 

♦100 (L) to-100 (R) 
Deg/Sec 

♦10 (UP) to-10 (DN) <*« 

Units/Volt 

104 Ft/V 

0.5 Mach/V 

-100 psf/V 

i.53 Deg/V 

8.00 Deg/V 

■10.0 Deg/V 

10 Deg/Sec/V 

10Deg/Sec/V 

1.175 gW 

Volts/Unit 

lO"4 V/Ft 

2 V/Mach 

-0.01 V/p«f 

0.75 V/Deg 

0.125 V/Deg 

-0.05 V/Deg 

0 10 V/Deg/Sec 

0.10 V/Deg/Sec 

0.85 V/g 

,12. PITOT-STATIC PRESSURE SENSITIVITY TO ANGLE OF ATTACK 

Tert data from the flight of KJ-4 revealed the L-«haped pitoUUÜc probe WML highly «enaitive to 
angle of attack. Sen»« d «Utic pre««ure increaaed with increaiuw -ngle of attack, creating error» both 
in altitude and Mach number fed from the air data module; dl./da<0 and dM/da<0. Since the 
altitude error was deataUilizing, the Ah signal wa« severely degraded in magnitude and direction. 

Subsequent wind tunnel testa, using a 1/2 scale probe/body combination, confirmed the «tatic 
pressure «ensitivity at Mach number« throughout the operational envelope of the HAST. In addition 
the te»U provided UUle or no promise that the error« could be significantly reduced by modifying 
probe location, attach angle, or configuration. It waa necessary; therefore, to obtain long period 
damping from a source independent of the pitot-«tatic probe, in lieu of Ah. 
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13. N2 AUTOPILOT 

An approximation for Ah may be made using the integral of normal acceleartion Since normal 
acceleration is independent from the pitot system and a normal load accelerometer already existed 
as part of vehicle hardware, feasibility of its usage was pursued. 

The proposed longitudinal control system, using normal acceleration, has been called the "Nz 
Autopilot". The schematic in Figure 43 shows the signals used to generate canard command. Note 
that ? (Nzrl) and Nzf are used in lieu of Ah. The remaining signals are identical to those used in 
the KJ-4 autopilot, except a few gain changes were necessary to allow sufficiently high gain and 
phase margins for the Nz autopilot. 

14. FEASIBILITY STUDY FOR Nz AUTOPILOT 

Feasibüity of the Nz autopilot was studied using a simplified, analog simulation of the HAST 
capable of analyzing control system stability limits and response characteristics. The simulation was 
amplified to essentially a point-stabUity problem with linear approximations allowing perturbations 
in altitude, pitch and speed, excited by step commands in altitude. Figures 44 and 45 show 
represenutive limits in dh/da as a function of KNz at various flight conditions. The time axis in 
these figures represent time elapsed for the airframe responding to 63 percent of a step command in 
altitude (2,500 feet in tnese cases). 

a. Significant results from this study -vere: 

(1) Faster response occurs when dh/da is destabilizing (negative). 

(2) Increasing KNz allows stable flight at larger negative (destabilizing) values of dh/da. 

(3) At a given value of dh/da, KNz requiremenU for stability increase with Mach number 
and altitude. 

IA\   ?«r«r*.».;nrt W»T. r^ci.lfo in Urwor «tTriHnff in Mofh niimhpr «nH nltihldp 

b. From the above, conclusions are: 

(1) Compensation required for high Mach/altitude fligut conditions when pitot errors are 
relatively large. 

(2) Due to response characteristics, it is better to undercompensate a negative dh/da, than 
to overcompensate. 

(3) KNz should be maintained at the minimum required for stability. 

(4) Ideally, KNz should be preselected appropriate to the flight conditions at cruise. 
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Figure 43. Nz Autopilot Control Schematic 

83 



mm ijiayM«»" i^^ 

z i 
I« 
UJ 

o 
UJ 

s 
1 

u. 

8 
a. 
OJ 
t- 
rn a 

z 
o 

M 
2 

o 
o 

U. 
n 

N 1 6 
z O 

m a 
M 
U. 
O 

* f 

u. 
O 
>- 
o 

a. 
u X 

u < o o -1 
in 

X X u. 
u. 
N 

z 
S • 

in «I u. 
m o 3 
N £ o 
Z 
VI <1 a 

X ^ X 
1) 
11 

O 
O 
o 
o 
03 

y 
td 

Si 
C o 
a. « 
ßj 
c 
o 
N 
z 

w 

1 1     I     I     I     I     I     I     I     I     I     '     1 !     I     I     !     | 

aaa/u      »P/MP 

84 



•A UJ ^ W) 
o a s 
i/i 
Ui 
oc rj 

7 Z 

o 
N 
Z Q 

X UJ 
cc 

Ü t- 
►- J 
u u. 
u. IM 
u. z 

IM 

z u < 
s 

330/id   /v JDP.'MP 

85 



SECTION VII 

ELECTRONICS AND ELECTRICAL SYSTEMS 

The H\ST electronics and electrical systems make up a considerable part of the target 
components. An understanding of the cperation and programming of the electronics is vital to 
mission success. This report contains sufficient detail for flight programming after deciding upon a 
specific mission A HAST sequence of events is presented first in order to get a concept of systems 
operation Also it will establish a reference to be referred back to during the other discuss'ons. A 
description of the aircraft launch system is included so that the entire system operation can be 
visualized. An abbreviated electrical load analysis is included with the aircraft and target power 
system sections. 

Circuit descriptions are presented in block diagram form in order not to be bogged down in the 
specific value of, or reason for, each discrete circuit component. The reason for each circuit block is 
presented during the discussion of the major subassembly such as digital logic assembly, autopilot 
module wire harness, and so on. Portions of circuits in some assemblies tie closely to the functions 
of other assemblies so that the total circuit function cannot be discussed without bringing both 
units into the explanation. 

A physical description and the location of the subasscmblies are included in the circuit 
descriptions. Electronic cases and assemblies have been designed to use the available space around, 
beside and underneath the target structure and other major components. This was done in order to 
vacate'the aft payload tunnel area and to prevent a major redesign of components midway through 
the test program. The preliminary design had utilized the aft payload tunnel p.rea for electronic 
componenU. A redesign would have resulted in two configurations, one for flight test and one for 
payloads. 

1.    HAST SEQUENCE OF EVENTS 

HAST heater power is automatically applied to the target at aircraft engine start when the 
engine driven genenuure mv placed un die line. A» üie luuiicu autriut paant» üiiuigli lu.uu^ieci. 
altitude a barometric switch, located in the launcher, closes applying power to the target pitot The 
pitot heater clears any ice that may have formed in the tube during climbout. 

Approximately 20 minutes prior to launch the pilot places the SELECT switch on the missile 
control panel to the SELECT position. This action applies power to the C-band transponder, 
telemetry transmitter, command receiver, target gyros and other equipment. SELECT time may be 
as short as three minutes or as long as one hour. Transponder, telemetry and command receiver 
checks are normally made during this period. SELECT is shown as the first event in the time 
sequence line of Figure 46. 

Approximately 90 seconds before launch the pilot places the LAUNCH/READY switch on the 
missile control panel to the LAUNCH/READY position. This action opens a gate in the Ducted 
Power Unit (DPU) and allows the turbine to come up to speed. The output of the turbine alternator 
rises above the other power sources and powers all the vehicle systems. At this time a self-test is 
made by the electronics on 22 items within the vehicle. If all prelaunch parameters have been met 
within the vehicle, the READY lamp on the Missile Control Panel will illuminate, indicating the 
vehicle is ready to launch. If not, the FAULT lamp illuminates, indicating a target malfunction. 
Launch can take place immediately after the READY lamp illuminates. A timer in the missile 
control panel limits the on time of the LAUNCH/READY switch to three minutes to prevent 
overheating of the DPU alternator. Overheating does not occur after launch due to the cooling 
effect of the oxidizer flowing through the DPU oxidizer pump. 

Should launch not be effected within the three-minute period and the LAUNCH/READY 
switch disengages, it may immediately be activated again if desired. This three-minute period also | 
gives time for telemetry verification of target functions. LAUNCH/READY is shown as the second 
item in the time sequence line of Figure 46. 
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Figure 46. HAST Time Sequence of Events 

After the pilot receives a READY indication and telemetry has been verified, he rets the 
armament switches in the aircraft to effect a centerline stores release. At T0, as determined in the 
countdown, the pilot depresses the centerline stores release switch on the sticKgrip. This launch 
signal enters the target, enables the master clock and verifies the seif-test circuitry. If these 
parameters are met, the launch signal travels to the launcher to initiate the launch cartridge. Launch 
is shown as item 3 on the HAST sequence of events. Figure 46. As the launcher cartridge fires, the 
vehicle is ejected down and forward, pulling the target lanyard pin. Lanyard removal enables the 
electrical explosive device (EED) circuitry in the vehicle and removes the reset from the counters 

•^~%r* fi»*»«<-l  tFn^4»*ln  #,,«F*tt^ 

The first event to occur after the lanyard pin is removed is No EED initiation. This occurs 
approximately 0.5 second after the lanyard pin removal, although the time may vary as much as 
100 milliseconds. Variance is dependent on where in the master clock 10 Hz oscillator cycle the pin 
is actually removed. Al! other times have precise intervals. Initiation of the No EED allows high 
pressure nitrogen to flow from the vehicle N2 tank, through the regulator (where it is regulated 
down to working pressure) to the oxidizcr tank. 

The oxidizer valve EED is initiated 0.4 second after the N2 EED. This allows the oxidizer to 
flow (under pressure) to the DPU pump which then fills the lines to the oxidizer throttle valve 
(OTV). The thrust chamber igniter is electrically initiated 0.8 second after the oxidizer valve EED. 
The interval between igniter firing and the OTV open command is 0.5 second. This interval is 
critical and was optimized during engine firing ground tests. The open command ramps open the 
OTV and allows cxidizer to flow to the thrust chamber starting ignition and thrust 2.2 seconds after 
target separation. 

At +2 soconds after separation the target pitch loop is enabled. Until this time all pitch inputs 
to the autopilot have been held at zero volts with the canards held at center. At pitch loop enable, 
canard bias, altitude and pitch rate signals are applied. This delayed pitch loop enable allows 
sufficient separation between the vehicle and launch aircraft to prevent collision should some 
malfunction occur in the pitch portion of the autopilot. 

Destruct and recovery EED relay arming occurs ten seconds after launch. The arming is delayed 
as a safety feature to provide sufficient aircraft/target separation in case of accidental hatch firing or 
destruct maneuver. 
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The last item shown in Figure 46 is programmed events. A detaiied setup and explanation of 
these times is discussed in the section titled "Programming a Flight". 

2.    LAUNCH SYSTEM AND AIRCRAFT LOAD ANALYSIS 

a. Launch System Description. The HAST launch aircraft is a modified Air Force F-4C. 
Modifications consist of installing an LAÜ-96 launcher on the aircraf' centerline ejection rack, 
installing a missile control panel in the aircraft cockpit, and modifying aircraft electrical circuitry to 
provide power to the target and launcher. 

The missile control panel includes all pilot opera:eci switches and indicators to ready the tanzet 
for launch. The SELECT switch controls target warm-up power and the LAUN'CH/READY switch 
controls the power to open or close the ducted power unit (Ram Air Turbine) gate This switch is a 
magnetic latching type and automatically returns to the off position should launch not be effected 
within three minutes after the switch is actuated. A spring guarded JETTISON switch is employed 
on the panel and will jettison the target and launcher when actuated. Target-only jettison is 
accomplished through use of the aircraft emergency stores jettison system. 

Three annunciator lampc are located on the control panel and illuminate to inform the pilot of 
target status. The POWER lamp illuminates and blinks for three minutes when the SELECT switch 
is actuated. After the three-minute target warm-up period, the lamp remains illuminated. The 
FAULT lamp illuminates when any of the targets 22 self-test parameters have not b^en met within 
the vehicle. Target launch cannot be initiated witn the FAULT lamp illuminated. The READY lamp 
illuminates to inform the pilot that launch parameters have been met within the vehicle and the 
target is ready to launch. The LAUNCH/READY switch must be in the LAUNCH/READY position 
for the lamp to illuminate. 

Target launch is accomplished by positioning of the aircraft armament switches and depressing 
the store's release switch on the pilot's stick grip. These actions supply launch power from the 
aircraft armament bus, through the target's self-test interlocks to the launch relay in the LAU-96 
launcher. When the relay closes, power is supplied to the launcher cartridge. 

The LAU-96 launcher is a cartridge actuated, electrically triggered assembly that attaches to the 
aircraft centerline ejection rack. Large access doors on each side of the launcher provide access to all 
löUncui» cuiiifMJiienu. 

The launcher consists of a structural frame, a trapeze ejector mechanism, wiring harness, release 
hooks, cartridge powered cylinder and piston assembly and relay box. Removable mechanical and 
electrical pins sure employed to arm and disarm the launcher. No-voltage tests are performed prior to 
pin removal. 

An electrical signal from the aircraft armament system fires the impulse cartridge loaded in the 
cartridge breech block assembly. 

During operation the expanding gases from the fired cartridge operate a small hook release 
piston which unlocks the retaining h(x>ks through an over-center locking mechanism. As the hook 
release piston moves through its cylinder, a small port is exposed thereby pressurizing the large 
actuator cylinder. The actuator piston is connected directly to a crank arm of the trapeze 
mechanism. 

This trapeze mechanism, through a rotational motion, cycles the launcher sled down and 
forward to eject the target. Continued motion of the launch mechanism retracta the sled into the 
launcher housing to complete *he launch cycle. 

b. Load Analysis. The following ch?rt shows the loads placed on the aircraft electrical system 
by the target and launch systems. The loads are rounded off to the nearest 0.1 ampere. 
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TABLE XX. AIRCRAFT ELECTRICAL LOAD 

A/C 
Taxi.Takeoff Above Station Launch/ 

Component or Function & Climb 10.000 Ft Select Ready Launch 

(1) Equipment Heaters 2.3 2.3 2.3 2.3 2.3 

(2) Pitot Heater 3.5(8) 3.5 3.5 3.5 

(3) Select Power iTarget) 11.1 (20) 

(1) Missile Control Panel 0.1 0.1 0.1 

(5) Sta. Select Relay 
(Launcher) 0.1 0.1 0.1 

(6) Launch/Ready Off 2.0 2.0 2.0 

(7} Launch/Ready On 0.2 0.2 

(8) Total Load (Amps) 4.3 7.8 
(15.8) 

19.1 6.2 6.2 
(26,2) 

The equipment heater loads, shown on line 1 of the table , have been reduced from that shown 
on previous reports due to payload redesign. When the pitot heater is turned en by the barometric 
switch in the launcher, the initial load is approximately 8 amperes. As the pitot heats, the load is 
reduced to 3.5 amperes. At Station Select, the Select Power is shown to be 19.1 amperes, which 
includes payload warm-up power. During flight test, with the telemetry system on and the 
transponder being pulsed, this load will be approximately 5.5 amperes. At LAUNCH/READY, the 
DPU alternator comes on the line, taking over the Select Power load. Up to this point the aircraft 
has been furnishing power to the DPU speed control, holding the door closed. As the 
LAUNCH/READY switch is trarüferred to "ON" the aircraft momentarily furnishes the same two 
amperes to open the DPU door, then the alternator takes over this load. The aircraft then furnishes 
lamp and switch holding coi! loads to the missile control panel. Tht same power requirement exists 
from LAUNCH/READY to launch separation. At launch, the launch cartridge load, which has a 
duration of less than 100 milliseconds, is current limited to 20 amperes. After target separation the 
only load on the aircraft is 0.1 ampere for the power lamp on the panel. All other power is 
automatic. 

3.   TARGET ELECTRICAL POWER SYSTEM 

a. Power Distribution System. Power requirements in the HAST electrical systems are varied 
in quantity and application. Power is ipplied to some part of the HAST electrical system from 
aircraft power tum-on on the ground, through takeoff, climb, loiter, prelaunch warmup. launch, 
normal flight and recovery. Each portion of a flight requires varying amounts of power from one or 
two sources. The internal power system will be discussed first, then a target load analysis and finally 
some details of the internal components of the system. 

The internal power distribution system of the HAST is shown ir Figure 47. Because the buses 
are diode isolated, no power switching exists in the circuit. As the voltage from one power source 
rises above the other, load is transferred. The diode isolated system requires less volume than power 
switching and eliminates switching transients that could exist as the HAST leaves the launch 
aircraft. 

Three power sources are shown in Figure 47. These are the aircraft, the ducted power unit 
(DPU) altcmator-diode pack and the command/recovery battery. The loads shown on the far right 
of Figure 47, recovery, destruct, command receiver, C-band transponder and locator beacon, are on 
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the battery bus. The battery bus can be fed from any une of ihe power sources. The 
comman'i recovery batten,- is not applied to the line until alter the lanyard switch mot shown in 
Figure 47; is pulled at launch separation. A complete discuision on the sequence of events is found 
in paragraph 1 ol this section. The loads shown in the upper center of Figure -17 are for the Multiple 
output power supply, the telemetry system, and paylcad standby power. This load is referred to as 
the select bus. lu-ms .»n this bus require loriß warmup or rnge acquisition time. 

The multiple output power supply furnishes power Lo the heading reference gyro which 
requires a nia\i num of three minutes for the rotor to come up to speed and the torquers to erect 
the gyro gimbals. The te'emetry system is t-nereized to allow setup of ground monitoring ol" cnticai 
parameters prior to hunch. The ('-hand transponder on th? battery bib is energized from the select 
h ., through CR3 for tround tracking acquisition. The target select ous is energized from the aircraft 
hus when the seiet l witch is actuated on the cockpit missile control panel. The DPL' alternator 
takes over the select has load just prior to launch. 

The DPT hus consists of those items shown in the box at Lhe lower left of Figure 47. These 
items, which have hisn current requirements, are furnished power from the DPI," alu-mator/diode 
pack only. The diode in the system prevents one power source from freeing hack into another. I he 
aircraft power is on a lä-ampere breaker and could not furnish the DPI.' bus loads without blowing 
th.' breaker. CR2 prevents this feedback. C'R3 prevents feedback of the battery onto the select bus. 
(Rl prevents f^dback of the DPU alternator onto the aircraft bus. CR4 prevents battery 
overcharging from the other buses. The battery furnishes 75 percent of the power to the battery bus 
during flight because of the diode drop of CR2 and CR3 from the DPI,' alternator. 

b. Target Load Analysis. Loads that appear on the various power buses vary with the specific 
flight test being conducted. The payioads. when installed, add considerable power requirements to 
alternator load. In the charts that follow loads are rounded ofi to the next highest 0.1 ampere to 
simulate worse case conditions 

The select bus is energized from the aircraft. The loads shown in ..he table below are an analysis 
of the select bus between Select and launch. 

TABLE XXI. TARGET ELECTRICAL LOAD ANALYSIS DURING SELECT 

Flight Test Configuration 

Item Start Run 

Target System 

MOPS 

C-Band Transponder 

TM Transmitter 

TM System 

1.0 amp 

2.4 ampc 

1.1 amps 

2.0 amps 

3.0 amps 

1.0 amp 

1.6 amps 

1.1 amps 

2.0 amps 

3.0 amps 

Total 9.5 amps «.7 amps 
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TABLE XXI. TARGET ELECTRICAL LOAD ANALYSIS DURING SELECT {Concluded) 

Pavioad Flights 

Item 

Target System 

MOPS 

C-Band Transponder 

TM Transrr-tter 

TM System 

Payload Standby 

Start 

1.0 amp 

2.4 amps 

1.1 amps 

2.0 amps 

1.0 amp 

3.6 amps 

R'in 

1.0 amp 

1.6 amps 

1.1 amp- 

2.0 amps 

1.0 amp 

3.6 smps 

Total 11.1 amps 10.3 amps 

Note that the Telemetry System load is much less for the payload flights which make up for the 
PLIO.H SMndbv load The difference between the Start load and Run load is caused by 

increase '"J^^f^"^'^ J'pS and gyro torquer shutoff after erect.on. Although not 
the gym spin ™tor com.ng "P £^ ,„ loa^as the a-^raft maneuvers and the gyro torquer 
^^to'thfn^w Sude rr^o'wn in the next paragraph of the Multiple Output Power 

Supply (MOPS) load analysis. 

The MOPS loads vary as the gyro load vanes. The gyro torque« "f**?"*™*^^ 
>       .       <   i K;„V, n,,rTPnf snin-uD The Start bad is shownm Column 1 of the MüPb loaa cnan. 

The MS'S loa'S  shown  n Co Smn 2, is MOPS turn on. plus two minutes which is after motor 
Jpin-upLd plus two minutes which is after motor spm-up and pmbal erection. Maneuver loads are 

shown in Column 3. 

TABLE XXII. MOPS INPUT/OUTPUT   

Input Voltage 

115VACÖ! 

115 VAC 02 

26 VACfl! 

26 VAC 0 2 

+ 15VDC 

-15 VDC 

+ 10 VDC 

Start 

2.4 amps 

0.16 amp 

0.15 amp 

0.13 amp 

0.22 amp 

0.37 amp 

0.33 amp 

3 ma 

Run 

1.6 amps 

0.05 amp 

0.05 amp 

0.10 amp 

0.2'4. amp 

0.27 amp 

0.33 amp 

3 ma 

\ 

Maneuver 

2.3 amps 

0.15 amp 

i 0.14 amp 

\ 0.10 amp 

0.22 amp 

0.37 amp 

0.33 amp 

3 ma 

The maneuver load is almost that of the atart load except that .t exists only for «her., p« od* of 
time dueTthe torquer rate being much faster than the aircraft turn rite. The load on th* ^5 
Äut is approximately 5.6 watt, and ha, an 8-watt rating. The MOPS operates from 65 '. 75 
percent efficient in night depending on the load applied. 
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The DPU bus loaü varies with the operational mode of the target. Therefore, the basic DPU bus 
load is shown below. As the DPU comes up to speed, the alternator/diode pack furnishes all buses. 

TABLE XXIII. BASIC DPU LOAD 

Item Flight Test Payload 

Select rius 8.7 amps 6.7 amps 

Actuators 2.0 amps 2.0 amps 

OTV 0.5 amp 0.5 amp 

Speed Control 1.0 amp 1.0 amp 

Air Data Mixluic Heater 0.5 amp 0.5 amp 

[lattery Bus 1.7 amps 1.7 fmps 

Payload Oper'te 18.0 amps 

Total 14.4 amps 30.4 amps 

Note that the Select Rus for the payload column is not the same as in Table XXI Run column 
because the standby power is included in the 18 amperes shown for payload operate mode. The 
battery bus load is included in the total as a wone case condition because the battery level of charge 
will determine how much is furnished by the battery and how much by the DPU alternator. The air 
data modul» heater load is taken over from the aircraft heater bus during flight. The totals of Table 
XXIII therefore show a worse case straight and level flight condition fo» the target. 

The following table lists those loads which, in addition to those shown in Table XXIII, would 
present a maximum power requirement to the DPU alternator. 

TABLE XXIV. MAXIMUM DPU LOAD 

Item Flight Test Payload 

Frum Table XXIil 

Maneuver 

OTV Stalled 

Aileron Actuator Stalled 

Canard Actuator Stalled 

Speed Control Stalled 

14.4 amps 

0.7 amp 

4.5 amps 

5.0 amps 

5.0 amps 

1.0 amp 

30.4 amps 

0.7 amp 

4.5 amps 

5.0 amps 

5.0 amps 

1.0 amp 

Total 30.6 amps 4G.6 amps 

The possibility of all systems being at a stalled condition is very remote; however, the data is 
presented to show what each item can contribute. The alternator/diode pack-regulator power source 
is capable of fumifhing the 46.6 amperes shown for the payload flight because the maximum 
specification output is 47 amperes. The alternator also furnishes the EED firing loads that are 
discussed in the relay board and electro-explosive device circuits paragraph. 
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For analysis of the battery loads it is assumed »he battery fumisnes all of the battery bus 
current The battery docs in actual measurement furnish approximately 75 percent of the battery 
bus load. Table XXV shows a breakdown of the battery bus loads. During flight and recovery the 
load is the same for flight test and payload configurations. 

TABLE XXV. BATTERY BUS LOADS 

Prolaunch Flight Recovery 
Plight 
Test Payluad 

Target System 20 ma 2 m.v 0.55 amp 0.55 amp 

Command Receiver - - 0.05 amp 0.05 amp 

C-Band Transponder - ■- 
1.1 amps 1.1 amps 

Locator Beacon - ... -- 0.2 amp 

20 ma 2 ma 1.7 amps 1.9 amps 

The prelaunch load is less for the payload configuration due to a reduction in TM syjtcm 
readout This load exists from safety pin pull until launch. With the loads shown in Table XX\ the 
battery will operate the system reliably for one hour from launch assuming the battery was •- ailed 
in a fully charged condition. 

c. Main DC Power Source. The HAST main DC power source is an alternator driven by the 
ram air turbine. The turbine also drives the oxidizer pump. 

The   ' drnator is a six-pole, three-phase, homopolar inductor type, driven at a nominal 30,000 
RPM T e flux path of the alternator, shown in Figure 48, flows from the field winding through the 
staior winding and one btn ui puic lutes, men ai^auj a.uiiK mc iui*.i, uu. v...uu%.. ...... »>....... Kw.». 
faces and stator winding, then back to the field winding in one homogeneous path. 

The output of the alternator is rectified to supply a nominal 28 VDCat 47 amperes, full load. 
In addition to the steady state load, a transient load of 30 amperes for 100 milliseconds is required 
to be furnished by the powpr system. The transient load cannot be repeated closer than 200- 
millisecond intervals and the voltage on the bus shall not sag to less than 22 VDC at transient 
load n.plication. 

Rectification is accomplished by 12 diodes forming two, three-phase, full wave bridge rectifier 
circuits fed into a common DC bus. 

A regulator, nounted in the same package with the rectifiers, senses output voltage and 
compare? it with a fixed reference. The error voltage controls alternator field current. Since the 
field winding is placed in the magnetic path of the stator output windings, as shown in Figure 48, a 
current of sufficient magnitude and polarity will adjust the homopolar field so that the voltage 
generated nulls out the error. In this manm r, voltage regulation is obtained regardless of changes in 
load current or turbine speed. Initial field current is provided from the speed control assembly at 
DPU on command. The system is capable of regulating ± 0.5 VDC from the set point over any of 
the system specified load, temperature, and turbine speed condition«. A regulator set point waa 
selected of 28.5 ± 0.5 VDC at a nominal load of 30 amperes for systems checkout. 
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The Stator coils are offset by 60 degrees giving a ripple content of less than two percent when 
rectified by the full wave bridge circuit. Good regulation and low npple content reduce the 
regulation requirements of power fed to the other systems in the target. 

28 VOC 
MAIN POiVER 

Figure 48. HAST Primary Power 

Turbine RPM and therefore, pump output pressure, are controlled by a servo loop placed 
around the ducted power unit. A butterfly valve with associated servo motor is placed in the DPU 
to control the amount of air entering the turbine inlet. A block diagram of the servo loop is shown 
in Figure 49. 

95 



■^■Illl u I ilWL^Ii •«••WWWPW^ immm 
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INPUT 

FREQUENCY 
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SET POINT   

28V 

I 

SUMMING 
& SCALING 
AMPLIFIER 

INLET 
BUTTERFLY 
POSITION 

SUMMING 
& SCALING 
AMPLIFIER 

MOTOR 

Figure 49. Turbine Speed Control 

4 u       * , ^„„„.mrv u <iPnsed from a phase to phase connection to the sUtor windings. This 
Alternator frequency "f"5™ Sed bv 20  A frequency to analog converter changes the 

output ^-^^ Jthe f/equency aLlog converter are such 
Ä ILSase ?n Äncy ÄKTpLd) results in a DC voltage level decrease. The DC volUge that an ^»Me in freqwflcy iiur        ^ ^ the first summing and ^rig 
representrngt^bme speed .s summed ^ ^ ted ^ the .^^ turbine 

amplifier shown in ^e
nr

4^;n7
l
th

P
i°

,"l1_lifier sets the correct signal level to the next summing 
SmATmnSS "S to' urn the f^t Iplifier analog voltage output with the inlet door 
ÄSv) no itTn The nl^doo? pos.tion analog voltage is summed in a positive feedback manner 
(butterfly) position ine 'n'" Ji resulting in systems sUbUity. The output of the second 
which produces a ^network e^tresmung^^ y ^ alternately reverse 

irÄuSc«« Se motor Äe ?o SedÄn the butterfly is to be driven. The motor is 
equip ii^sitionTmU s'wftches that interrupt motor current in the full open or closed 

position. 

Also shown in the first summing amplifier is the door closed command The door closed 
comitu^d «Stw the amplifier driving the inlet butterfly fully closed during the capt.ve portion 
of the flight. This prevents the turbine from excessive free-wheeling. 

Although some variation in turbine speed is seen with altitude changes, Mach number «id 
temperature the stability of the system is sufficient to provide adequate power and ox^izer 
pressure for all missions. 
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d. Multiple Output Power Supply. The 28 VDC from the alternator to the diode pack does 
not provide for some of the unique power requirements of the total target system. The multiple 
output power supply (MOPS) has been proved to meet these requirement:. MOPS outputs are +10 
VDC, ±15 VDC, 26 VAC, 2 Ö , and 115 VAC, 2 Ö . 

Scaling functions such as altitude, Mach number, roll angles, and heading changes required a 
highly regulated and stable source. The MOPS 10 VDC output is utilized for these scaling functions. 
Altitude, 0 to 100,000 feet, is scaled from 0 to 10 /olts; for Mach number the scaling is 2 volts per 
Much and for heading change 10 V represents 20u degrees. The 10 VDC output has a 0.5 watt 
capability with excellent regulation and low nppie content. 

The +15 VDC output is provided for autopilot power. The autopilot system uses integrated 
circuits which require a +15 and a -15 volt source. The autopilot module, servo amplifiers, gyro 
pots, electronics, actuator pots and di^itJ logic board components that interface with the autopilot 
module use these ±15 volt outputs. The +15 VDC output is capable of 8 watts of power while the 
-15 VDC output is capable of 6 watts of power. The outputs have good regulation, low ripple 
content and are tracked to within 300 millivolts of each other. 

During component selection, an off-the-shelf rate gyro wns chosen which required 26 VAC, 400 
Hz, two-phase power. Instead of requiring a redevelopment of the rate g ro drive motor and 
demodulation circuits to operate from the main DC source, a 26 VAC 2 0 output was provided 
from the MOPS. The 26 VAC output is capable of starting a 12 VA per phase load and a continuous 
load of 5 VA per phase. Frequency affects the accuracy of the rate gyro; therefore, the 400 Hz 
oscillator in the MOPS is controlled to ±1 percent. The second phase output is shifted 90 degrees 
from the first. 

The heading reference gyro chosen for HAST requires 115 VAC 2 6 power to operate the gyro 
torquers and spin motor. The MOPS has 115 VAC 2 Ö output windings capable of 78 VA per phase 
for start loads, 68 VA per phase maneuvering loads and 7 VA per phase continuous run load. 

The MOPS operates over a narrow range of input voltage, 28 ±0.5 VDC, because of the 
regulation capability of the DPU alternator/regulator combination. This eliminates the need for a 
prcregulator in the MOPS. The oscillator is mgniy reguiated to maintain the 4öö Hz accurately and 
then digitally phase shifted for the 90-degree phase shift for the second phase of the AC power 
requirements. Power transistors then drive two separate transformers. One transformer has the +15 
V, 115 V fl 1 and 26 V Ö 1 windings while the other transformer has the +10V, -15 V, 115 V fl 2 
and 26 V Ö 2 windings. The DC outputs are rectified and regulated while the AC square wave 
output windings are brought out direct to the gyros. 

The MOPS was packaged in a special shape to fit the space available. The total assembly 
occupies 50 cubic inches and connects directly to the power distribution board for interfacing with 
other assemblies. 

e. Command/Recovery Battery. A separate power source for command destruct functions is 
required by specification so that the destruct system does not rely on normal HAST alternator 
power. When the target is descending after recovery initiate, the ram air turbine is no longer capable 
of furnishing sufficient power to the digital logic recovery circuitry. The recovery C-band 
transponder used to track the descending HAST and position the recovery helicopter must also be 
powered at this time. The command/recovery battery also furnishes power to fire the hatch and 
drogue release EED's. 

A nickel cadmium cell was selected to fulfill the above requirement? iue to the high discharge 
rate capability and low internal impedance required to fire EED's. The cell, which is a 1.9 ampere 
hour "C" size, requires no special handling other than normal charging with equipment readily 
available in the Armed Forces inventory. Twenty-two such ceils comprise the battery assembly. 

The cells, including a heater and associated thermostat, are encased in an insulated aluminum 
container shaped to the inside contour of the aft boattaii section. The aft boattail location provide« 
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ready access to the battery assembly while enhancing the vehicle eg. The heater and thermostat 
holds cell temperature to a minimum of 0oF during long loiter flights at altitude. The battery 
assembly will furnish HAST power for approximately one hour and is rechargeable over 500 cycles. 

f. Power Distribution Board. The power distribution bosrd is a double-sided printed circuit 
board assembly which is mounted on the right side of the target in the radius between the parachute 
pack and the target skin. The power distribution board provides a powei and ground distribution 
point for vanous target assemblies. Because high density connectors are used for distribution, 
minimum space is required for the assembly. The major bus and ground circuits are fed into the 
assembly through a larger terminal blcck module that is bonded to the board. The MOPS input and 
outputs are distributed in this assembly. 

The MOPS, roll rate gyro and pitch rate gyro were purchased with pigtail leads instead of 
connectors in ordi r to conserve space. Each has its own connector connected directly to the power 
distribution board. The multiple output terminations provided by the assembly reduce the number 
of splices required in the harness. Circuits which are not essential to a stable flight are fused within 
the power distribution board. These include the C-band transponder, telemetry system and payload 
prelaunch warm-up requirements. 

As the target system developed, it was necessary to find a space for several auxiliary circuits. 
Blank areas on the power distribution board were utilized for these circuits. A readout of turbine 
speed for telemetry and prelaunch self-test was incorporated into the assembly. This circuit consists 
of a one-shot multivibrator that converts alternator frequency to an analog voltage which is then 
sent to an offset and scaling amplifier. Adjustable offset is required due to the variation in DPU set 
point frequencies. This requires that each power distribution board be set for the DPU with which it 
is used. The output of the scaling amplifier is set at 1 volt per 2,000 RPM turbine speed change. The 
scaling amplifier feeds the telemetry system and a dual comparator similar to that which will be 
discussed in the prelaunch self-test section. The dual comparator is adjusted for a window of ±2,000 
RPM. If the turbine is outside of this range, a no-go is sent to the launch and fault light circuit. 

The power distribution board also contains interface circuits. Two operational amplifiers 
perform the function of rescaling the radar augmentation and miss distance indicator payload "ok" 
»igiittu iiOui \> VDC to tlie 12 V2C IcVcl icvjüücu uy tue piciäüiiCii öcli-tc»t CuCiiit. nit äuuitiOfiöi 
operational amplifier interfaces the low drive capability of the nonnal accelerometer, Nz, with the 
higher power drive required by the remainder of the Nz circuits. A filter is incorporated with the Nz 
interface amplifier to limit frequency response to the vehicle response requirements and tiiminate 
vibration frequencies. 

Logic within this board collects the radar augmentation system (HAS) "ok", vector miss 
distance indicator (VMDI) "ok", DPU thermal switch open and turbine speed "ok" signals. From 
these, one ready signal is sent to the digital logic board to be summed digitally with the other 
seif-test inputs. Phase one of the MOPS 115 VAC is rectified, scaled and filtered, then sent to the 
digital board for use in the prelaunch self-test circuit. This output is also used for telemetry 
monitoring. 

Gyro erection control is provided by circuits on the power distribution board. Gyro erection 
takes place by torquing the roll and yaw gimbals of the gyro so that they are repositioned to align 
>vith the roll and yaw axis of the target. At SELECT bus on, the gyro motor spins the rotor for 30 
seconds before torquing power is applied to prevent unnecessary loads on the gimbals. From power 
on plus 30 seconds, until lanyard pin pull at launch, the gyro operates in the erection mode. 
Operation as a free gyro begins when erection is removed at launch. A 30-second timer integrated 
circuit and C/MOS logic gates provide the above controls to the gyro. Yaw gimbal torquing during 
turns will be discussed in the autopilot section. 

g. Relay Board and Electro-Explosive Device Circuits. An electro-explosive device (SED) is 
defined as an electric initiator or other component in which electrical energy is used to cause 
initiation of explosive contained therein. With the expenditure of less than 400 milliwatt seconds of 
energy a force greater than 160 foot-pounds can be applied. The EED fires the explosive charge in 
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less than 2 milliseconds when 10 amperes or more flow in the bridge wire with the bndgewire 
vaporizing in 20 milliseconds or less. The HAST uses these devices for N2 tank pressunzation, 
oxidizer start igniter, hatch release, drogue release, locator beacon antenna deployment, and 
destruct Except for the antenna EED, all have two separate bridgewires. The cartridge firing relay 
board ?ssembly provides an interface between the timed signals and the power source used to fire 
the EED's. This printed circuit board contains e-ight relays, one for the safe and arm device which is 
not an EED, current limiting resistors, and steering diodes. 

The two-ampere rated relays receive a 100-millisecorid pulse from the digital logic board. With 
the bndgewire vaporized at 20 milliseconds the relay does not have to open the load unless the wire 
fuses to the case. The short to case rarely occurs but the 100-millisecond pulse is provided to 
re-open the circuit, eliminating thü possible short. The relays hold all four EED leads grounded until 
the firing pulse arrives. The EED ground leads are returned to the relay board to keep circulating 
current loops to a minimum. Tba four leads between the EED's and the relay board are twisted, 
shielded, and jacketed to further eliminate Hazards of Electiomagnetic Radiation to Ordnance 
(HERO/problems and meet specification requiremenU. 

The measured total loop resistance, which includes the EED bridgewire resistance and the 
one-ohm current limiting resistor iji the relay board, ranges from 1.57 to 2.19 ohms. The current is 
limited to 12 to 18 amperes in eacn Lridgewuc r.ssuring positive firing without causing excessive 
voltage drops in other circuits. The firings are spaced at a minimum of 200-millisecond intervals to 
give the alternator time to recover. 

h. HAST Wiring Harness. HAST vehicles require a unique and complex harness because of 
varying requirements and configurations for individual vehicles, i.e., captive flight, IR payload, and 
vector miss distance indicator payload. In addition, some vehicles must be reconfigured for a second 
mission. The basic vehicle wiring (excluding telemetry wiring) is defined in the Master Wiring 
Diagram and Harness Assembly. To simplify the problem of various configurations, separate dash 
numbers were assigned to fabricate wiring for the two payloads. The individual payload harnesses 
(dash numbers) may be added to the overall harness assembly for the equipment sections or omitted 
as required Because of the wire marking problems of Teflon® coated wire, the contractor was 
relieved of the wire and cable marking requirement of MIL-W-5088. Cables, wires, and branches of 
wiring harness are not marxea witn reierem-e ueanjiiawwu KW**.**. WW.——.«..,  , _ - 
identified with applicable reference designation. 

The HAST wiring harness is designed with minimum voltage drop for th<* high power usage 
items with 0.5 V loop drop as the objective. An example is the payload power wiring which is a 
twisted 8-gage pair running from the diode pack terminal to the nose payload package. The line is 
fused to prevent payload electrical failure from affecting recovery of the target. 

During harness design, ground loop problems were minimized. The EED ground return was 
terminated at the diode pack terminal to reduce the effect of the high firing current on the 
autopilot and other target systems A single point grounding system is used as far as practical. 
Measurements were made between poinU in the ground wiring and ground wires were relocated to 
produce lowest millivolt drops. The final hainess incorporates all of the changes indicated and 
reduces system noise to an acceptable level. 

The umbilical connector, which provides the launcher interface, is the only open cennector 
when the target is closed ready for loading, until the parachute is deployed during recovery. All 
wires coming to the umbilical connector are diode isolated or designed so that no voltage potential 
exists at the connector. The connector can be shorted without damage. 

Throughout the harness, only a minimum amount of shielded wire was specified to reduce size 
and weight. In some areas where EMI problems might occur, the technique of special twisting cf 
specific wires was utilized as an equivalent of shielded wire. This technique saves additional weight 
and space. 
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For ease of field maintenance, the harness was designed to permit the battery to be charged 
without removing the tail cone and to allow the autopilot to be slipped in and out without being 
disconnected. In addition, a disconnect is supplied for alternator field wires so the alternator field 
will not be excited during ground test procedures. 

Future harness moifications are indicated for production to eliminate redundant wire runs and 
splices. Alternate wire types are indicated which would reduce bundle sizes, be easier to mark, and 
be more resistant to abrasion. 

The majority of wire utilized in the harness is MIL-W-16878/4 Type E. Wiring between the 
digital logic assembly and the command receiver/decoder as well as the 115 VAC lines from xhe 
heading reference gyro and wiring to au 1 0 electro-explos: > devices is made from twisted shielded 
cable. Circuitry between the power distributio. panel assembly and the DPU thermal switch uses 
Kapton insulation due to being routed through an extremely high temperature area. In order to 
conserve space, splice requirements are held to \ minimum, instead, circuit interconnections are 
accomplished wherever possible by terminating '.he wires for the specific interconnection in a 
ommon connector pin or a common terminal ba Tel. Thermofit solder sleeves aie usea whenever 

splicing of shielded cable is required. Such so der sleeves provide a lightweight and reliable 
connection for grounding shielded wire and joining hook-up wire. To eliminate the possibility of 
shorting due to Teflon® insulation "creeping" and exposing conductors terminated at connectors, 
connectors in the midbody equipment section are potted. The potting, in addition to providing a 
suitable insulating barrier, also provides wire support. Connectors mating with electro-explosive 
devices were color coded to match color coding applied to cartridge installation points. Installation 
points are color coded as follows: 

TABLE XXVI. CARTRIDGE COLOR CODE 

Cartridge Color 

N2 YeUow 

Ozidiisr Stnrt Green 

Safe/Arm White 

Safe/Arm Test Blue 

Igniter Red 

Destruct Black. 

Drogue Grey 

Locator Beacon Antenna Orange 

The overall harness is tied for support in all unprotected areas of the harness. However, the 
major part of the harness is protected from heat and chafing by use of two types of tape: one type 
(fiberglass) protects the harness in areas where chafing is possible while the aluminized tape reflects 
heat away from the harness when routed through high-temperature areas. In addition, wires routed 
in extremely high-temperature areas are protected by wraps of five layers of Fiberfrax® (ceramic 
paper) in addition to the insulating tape; a technique tested to withstand greater than projected 
temperatures during flight. To conserve space and eliminate bulkiness of the harness at high-density 
conneccors, conductors are grouped by circuit function and spot-tied prior to termination at the 
connector. In cases where identical connectors are in adjacent area locations, wiring is supported by 
spot-ties and routed in such a manner that improper connections cannot be made. After the harness 
has been fabricated, the basic harness and the payload harnesses are identified by dash number and 
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reference designation by the installation of marker plates S3cuied around the harness. 

At the time of installation a minimum amount of hookup is required. The only connections 
which must be made are (1) aJtemator to the terminal junction, (2) wires to the diode pack, ar.d (3) 
wires to the shunt. All of the above connections are in the mid-body. All wires which must be 
attached to the shunt are individually marked with "home" information ■ reference designatio.i and 
mates with applicable numbered terminal of the shunt which is stamped on heat shnnkable tubing 
and installed on each w:re. After connections are completed at the shunt, electrical terminal nipples 
are secured over each terminal for orotection. The harness receives primary support throughout the 
raceway and at the multiple outpu. power supply by use of clamps. The clamps are designed to fit 
the contour c: the harness resulting in a snug fit v/ithout excessively compressing the wires. As the 
harness L» installed, additional protective wraps of fiberglass tape are applied in areas where chafing 
is possible. Routing of the harness in the mid-boc'y section minimizes space to provide for packing 
of the parachute, 

4.    FLIGHT PROGRAMMING 

Included in this section are programming items that affect target performance during a mission 
Most of these circuits are contained on the digital logic board and, therefore, its construction is 
discussed first. Actual switch setup is disci-ssed in the paragraph on programming a flight. The 
command interface paragraph shows how the flight program may be modified during a mission by 
radio command uplink. Self-test c: uits are discussed to show pre'.aunch programming An 
exp.anation of the turn program lof circuits is left untU after the other autopilot discussions for a 
better understanding of what is ta ig place during the turn programs. Recovery programming is 
also discussed. * r   *> t, 

a.    Digital Logic Assembly. The digital logic assembly is mounted on the left side of the target 
in the radius oetween the parachute pack and the target skin. The assembly consists of two 
ten-layer printed circuit boards tied together through a flat flexible multiconductor cable. The 
circuits located on this assembly perform most of the target commanded functions as opposed to 
the calculation functions performed by the aucopilot. 

The solid state digital switchintr logic elements that make un most of thp nssemhlv ««. 
complementary metal oxide semi-conductor 'C/MOS) integrated circuits. These devices'were 
selected because of their noise rejection and low power requirement. Also, supply voltage may range 
from 5 to 18 volts with excellent stability over the full military temperature range. 

The C/MOS devices and most other electronics on the digital logic board, operate on 12 VDC 
regulated power. The 28 VDC battery bus, which is fed from either the battery or DPU is brought 
into the board and preregulated to 15 volts by a zener diode. A hybrid voltage regulator further 
reduces and regulates the voltage to 12 VDC. The battery bus is used to power the board because 
some circuits must operate during prelaunch, powered flight, recovery and destruct. 

The primary fu.iction of this assembly is to provide an accurate time base for engine 
sequencing, recovery sequencing and event time selection. A stabUized square wave 10 Hz oscillator 
provides digital pulses which are counted by five dr~de counters as shown in the block diagram in 
r igure 50. 

i™Pe JirSt de<;ade counts 0.1 second, the second, 1 second, etc., untU the fifth counter counts 
1000 s of seconds. Times out of the counter are available from 0.1 second to 9999.9 seconds in 
0 1-flocond steps. The 10 Hz oscillator is free running from the time the cockpit switch is placed in 
the bbLLCT position; however, the pulses are not counted until launch. The C/MOS decade 
counters used have a count inhibit feature. Referring to Figure 50, the count inhibit connecU to the 
launch command flip/flop. Counter inhibit is removed when launch command is received and reset 
with each SELECT power turn on. When launch is aborted, SELECT power should bo turned off 
momentarily to reset the launch command flip/flop. 
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Although count inhibit is removed with launch command initiate, the counter» will not count 
because they are held to zero by the counter reset circuit. These reset circuits will be discussed later. 

With the removal of the lanyard pin at launch ejection, counter reset ia removed and counting 
begins. The engine start sequence takes place as discussed in the "Sequence of Events" section. The 
summed time output provides drive to a single high gain transistor which provides ground to the 
EED relay to be energized. The engine sequence occurs only once and is prevented from recurrence 
by the repeat inhibit. The inhibit prevents continued pulsing of the possibly shorted EED relays. 

The counter 10-second output is used to provide destruct snd recovery arming. As the counter 
continues to count, the selected event times occur. Setup and available times are discussed in the 
paragraph titled "Prograrnming a Flight". 

When recovery is initiated, the counters are reset and counting starts over. The engine sequence 
does not repeat because the repeat inhibit still exists for those circuits. Recovery sequencing did not 
take place with the original engine sequence because the absence of recovery initiate provided an 
inhibit. Recovery times and events will be discussed in the recovery paragraph of this section. As the 
recovery sequence takes place an inhibit circuit, similar to the engine sequence repeat inhibit, occurs 
to prevent repeat of recovery EED firings. 

A block diagram of the reset circuits is shown in Figure 51. As shown, insertion of the lanyard 
pin resets all of the circuits except the launch command flip/flop. With the lanyard pin installed, all 
circuits can be reset by turning off power momentarily. Removing the lanyard pin removes ground 
from the counter reset circuit which in turn removes the reset signal allowing functions to begin. 
The flip/flop reset circuit resets all of the autopilot and digital logic board flip/flops. 

CLOCK RESET CIRCUIT 

TO COUNTER RESETS 

POWER TURNON 

RESET CIRCUIT 

12V 

TO :.AUNCM 
■ COMMAND 

F/F RESET 

TO AUTOPILOT AND DIGITAL 
LOGIC F/F RESETS 

Figure 51. Block Diagram of Reset Circuits 

The recovery stsji signal pulses the clock reset circuit to reset the counters while the diode 
isolation prevents operation of the flip/flop reset circuit. The reset pulse duration produces a short 
time ddlay (150 milliseconds) between the recovery start signal and the time count start for 
recovery. 

b. Programming a Flight The flight path of the target is preprogrammed on the ground by 19 
switches. These switches are located on the lower forward edge of the digital logic board assembly. 
All switches have ten positions except the five-position switch, SW 19. The switch placard is 
duplicated in Figure 52 for reference during the following discussion. 
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Figure 52. Flight Programming Switch Placard 

The front four switches on the right program the basic flight profile. Cruise Mach number is 
selected by SW 19 and SW 16. Whole Mach numbers 1. 2, 3, or 4 are selected by the MACH 
COURSE SW 19 and 0.1 Mach numbers are selected by the MACH FINE, SW 16. The final cruise 
Mach number is the summation of the MACH COMRSE and MACH FINE switch settings. Switch 19 
has a fifth position which i.« the same as position 4. 

The CANARD BIAS, SW 13, is next in line. The up canard bias is selectable from 0 to 18 
degrees in two-degree steps. The large range of dynamic pressures in which the HAST is flown 
requires the canard trim angles for straight and level flight. 

The target cruise altitude is selectable in 5,000-foot steps between 35K feet and 60K feet and in 
10,000-foot steps from 60K feet to 100K feet. The switch designated as SW 10 is used to select 
altitude. 

At the left end of the board are two switches, SW 5 and SW 6, which select the DESTRUCT 
EVENT TIME. Times are selectable from 4 minutes to 20 minutes in i-minuie sieps. Swuch 5 
selects time from 4 minutes to 12 minutes with time referenced from time of launch separation. 
When using SW 5 times, SW 6 must be in position 1. Switch 6 selects times from 13 to 20 minutes. 
If no destruct time is to be used, SW 6 is placed in position 10. When using the times on SW 6 the 
placement of SW 5 is arbitrary. Two jumpers, soldered in place on the reverse side of the printed 
board, can be changed to make use of switches SW 5 and SW 6 for programming a third event 
described in the following paragraphs. 

The remaining switches on the board are used for programming the auxiliary maneuvers of the 
flight. Time selection of the Events I and II is made with SW 1 and SW 2, and SW 3 and SW 4, 
respectively. The event that is to occur at the selected times is selected by switches SW 7 and SW 8. 
SW 9 is a duplicate of SW 8 but is not used with the jumpers placed as discussed above. SW 6 and 
SW 7 times would be used with SW 9 when setup for an event instead of destruct. 

Time setup for EVENT I TIME SELECT and EVENT II TIME SELECT is similar to that of the 
DESTRUCT EVENT TIME SELECT. These times are all counted from time of launch separation. 
Switches 1 and 2 select EVENT I TIME. Times may be selected from 10 seconds to 180 seconds in 
*0-second steps. Switch 1 selects times from 10 seconds to 100 seconds and switch SW 2 selecta 
rrom 100 seconds to 180 seconds. When SW 1 times are used, SW 2 must be in position 1. If no 
event is desired, then SW 2 should be placed in position 10. Switches 3 and 4 select EVENT IT 
TIME. Times may be selected from 120 seconds to 600 seconds in 30-8econd steps. Switch 3 selects 
times from 120 seconds to 360 seconds and SW 4 selects times from 390 seconds to 600 seconds. 
When SW 3 times are used, SW 4 must be placed in position 1. If no event is desired, SW 4 should be j 
placed in position 10. I 
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Aft«r programming the time an event is to occur the next step is to select the desired event. 
EVENT I SELECT (SW 8) and EVENT II SELECT (SW 7) switches may be used to select the 
following: 

TABLE XXVII. EVENT SELECTIOM 

Position 

1 

2 

3 

4 

5 

6 

n 

8 

9 

10 

Event 

Auxiliary 

Auxiliary 

G Maneuver St 

0.5M Slow 

0.5M Fast 

5K Ft Down 

5K Ft Up 

Turn II 

Turn I 

"S"Tum 

When selecting positions 3, 8, 9, or 10 an additional setup is required using the remainder of the 
switches on the board. With position 3 selected on SW 7 or SW 8 the start of a g maneuver is sent to 
the autopilot module at the selected time. The g level obtained in the maneuver is determined by 
switch SW 11 for pushovers and by SW 12 for pull-ups. If a g UP command is selected (SW 12) then 
4.1-.   - r«r\iirKr ...„'«„I.   /Ollf  * •% \  ■_.*«.*  Kn #•«♦ -* *«M«{^I*»I   1   **w A rtfm mmA v*l**m vmmmm   XV<A * IfM*»! nrxitinn 

setting of each switch is the same with position 1 being 0 g, position 2 being 1 g, and then in 0.5 g 
steps until position 10 represents a 5 g maneuver. 

The turn program used during a flight is selected at positions 8, 9 and 10 of SW 7 and SW 8. 
Turn I (position 9) and Turn II (position 8) are used when two separate turns are desired during a 
flight and when Turn I is to be completed some time before Tum II is to begin. Turn II is used only 
if there has been a Tum I programmed. V/hen only one tun is desired during the mission Tum I 
must be programmed. If it is desirable to make a tum later in the flight than there is a time available 
on the EVENT I TIME SELECT, a Tum I must be programmed with zero heading change, then the 
Tum II programmed as desired. Position 10, "S" tum, is selected when the second tum is to occur 
immediately upon completion of the first tum. The "S" tum may be a right-left, left-right, o; two 
turns in the same direction with different tum rates and heading changes. 

The setup of the final four switches determine the roll angle and heading change of turns 
selected above. ROLL ANGLE I, SW 17, and ROLL ANGLE II, SW 18, are selectable as follows: 
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TABLE XXVIII. ROLL ANGLE SELECTIONS 

Position Decrees Roll 
  

1 78.5 Left 

o 75.5 Left 

3 70.5 I -ft 

1 60.0 Left 

5 30.0 Left 

6 30.0Richt 

7 60.0 Right 

8 70.5 Right 

9 75.5 Right 

10 78.5 Right 

Left roll is inrMrated hy the "♦" or CCW roll of the vehicle when v^wed from the rear and ngh» 
roll is indicated by the "-" or CW roll. For any given Mach number and altitude, the turn radius will 
be determined by the roll angle. The heading change made for a tum is determined by the setting of 
S\V 14 HEADING CHANGE I and SW 15, HEADING CHANGE II. These two switches are 
selectable from zero to 180a of heading change in 20Klcgree steps. Since the left or nght roll 
selection determines the direction of tum ii is not necessary to have a left or ngh selection of 
heading change, only an absolute value. The heading change command is sent to the autopilot 
module for comparison with the derived inner gimbal output of the heading reference gyro. 

c Command Interface«. Table XXIX list« all event« that can take place during a flight. Some 
events can be preselected thai cannot be radio commanded and vice versa, aa shown by the chart, 
'.■he digital logic board provide* circuitry for sorting and interfacing of the evenU that are to occur 
during a flight. 

The radio commands tome into the digital logic board from the command receiver. Two 
channels must be commanded for any one function to occur, thus eliminating possible inu;rference 
that might exist at the 425 MHz receiver frequency. The guard tone («H 10) must be rece.ved by 
the command receiver for any command, except destruct. to be possible. When CH 10 is low. 
indicating a signal los«, other command channels are locked out so that any noise that might exist in 
the receiver will not inadvertently trip one of the commanded functions. 

Radio commands, in some cases, will exclude vehicle preprogrammed events. For instance the 
left and right heading update commands will exclude any lateral preprogrammed events (such as 
turns) if the command is held on longer than three seconds. The ground control panel limits thr 
heading update on time to 2.5 seconds unless overriuden. If the on time limit is released and the 
update signal held for longer than three seconds, the controller then h^ complete lateral control of 
the target. Under this condition, none ef the preprogrammed turns will take place A similar 
situation exist« when a longitudinal maneuver is radio commanded. If the target controller sends a 
command for 5K up or 5K down, the onboard preprogramming for 6K up. 5K down or g command 
start will be excluded. 

A radio command of 0.5 Mach increase or decrease will not exclude any preprogrammed event. 
However, these can occur only once in a flight so that the instruction occurring first (radio or 
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preproKTammed) will take precedence. A chock is made by the prolaunch self-test circuit to verify 
the exclusion flip/flops for the lateral and longitudinal programminp are reset, allowing nomid, 
onboard control. 

TABLE XXIX. EVENT MATRIX 

Event 

(1) Dostruct 

(2) Recovery 

(3) Recovery Inhibit 

(4) Drogue Release 

(5) OTV Shutdown 

(6) 0.5 Mach Increase 

(7) 0.5 Mach Decrease 

(8) 5000 Ft Up 

(9) 5000 Ft Down 

(10) Tumi Start 

(11) Turn II Start 

(12) "S" Turn Start 

(13) G Command Start 

(14) Heading Update Right 

(15) Heading Update Left 

(16) IR Payload Start 

(17) JEM Start 

(18) VMDI TLM CAL 

(19) AUX I 

(20) AUXII 
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, ^   L Tom« YYIY  interface directly with the autopilot module. These are 

d^nds on the e.enU to b. l.leh«i to contmue ,U '^"r^^^^S then 0.5 .Vach 

coirpleted. however, it cannot be repeated during the flight. 

by tr=r ^^l^nÄSÄ^^Ä 
onginal command signal is removed. The aux.hary ^ents, which are not usfhf ^^ occu; 
hive one latched output and one momentary output. The chart shows ine evems „,...„. ^ a 
au'omattcaUy diing 'flight w.thout any preprogramming or radio command.  These occur as 
result of normal onboard sensing and sequencing. 

v     .   1fi   ! 7  nnd 18 are used in conjunction with the HAST payloads. These are jet engine 
Events 16, 17, and 1» are usea m timjuii»,!.* i !,,„,;„„/vMnr fnr the scoring system and 

manufacturers. 

H     Self Test Prelaunch Circuit. A continuous monitoring self-test feature is "corporate! in the 
I Ihf rJ^MoJc a^embly   These self-test circuits, which monitor approximately 80 

circuitry on the digital logic assemoiy. imsv «*,       =_„__.,- thp ievei 0f confidence for mission 
percent of critical target functions, are provided to increase the level oi conuu 
completion. 

The .elf-test circuits are energized (and ^mtor^^ 
T AiiMPH/nFADY   switch   on   the   missile   control   panel   to  the  LAU'NV-n'"'i:'rt     .,H. •   f. „ 

through thTurgerAbsence of the launch command s.gnal resulU in a negative launch. 

r.itcrcd b" the «elf-te«* Hrniitry are listed below: The critical uu^ct. lünctions MU»» ~C 

(1) Aileron Centered 

(2) Canard Centered 

(3) Gyro Yaw Pot Caged 

(4) Gyro Roll Pot Caged 

(5) Pitch Rate Gyro Centered 

(6) Command Recovery Battery (greater than 24 VDC) 

(7) Turbine Speed ±2,000 RPM 

(8) Ram Air Turbine Thermal Switch 

(9) Scoring System Okay 

(10) Radar Augmentation System Okay 

(11) Infra-Red Augmentation System Okay 

(12) Guard Tone (CH 10) On 

(13) Safe and Arm Open 
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(14) 115 VAC On 

(15) Clock Oscillator On 

(16) Counters Reset 

(17) Oxidizer Thrust Valve Closed 

(18) DPU Bus Greater than 21 VDC and Less than 31.5 VDC 

(19) Recovery Not Initiated 

(20) Destruct Not Initiated 

(21) Lateral Commands Not Excluded 

(22) Longitudinal Commands Not Excluded 

Items 1 through 5 are sensed in a common operational amplifier. Input gain resistors are used to 
determine the tolerance requirements of each input. The roil angle and canard position inputs are 
buffered with follower amplifiers to prevent loading. The output of the operational amplifier is fed 
to a dual comparator set at a fixed + and - tolerance. The output of the dual comparator is summed 
digitally with the other test points. It should be noted that if an equal but opposite error exists in 
two items, then a launch "go" condition would be indicated. The possibility of this occurring, 
however, is remote and the added circuit complexity does not warrant modification at this time. 

The command/recovery battery check (item 6) uses a single comparator to check for low 
battery voltage. The comparator output is summed digitally with the other test inputs. 

Items 7 through 10 are sampled on the power distribution board and sent to the digital board as 
—  —••(>-w    .^.^.w   w.^.««   M.^HMM.    •n.MU'    wT    * w»   •*•«*    ■* *■    •***-   U««a««MMM.M     ««ti«.*»    V««V.    pUJ*V/<UUt>   U4W    UXJit   UMWlilCU« 

The circuit used for item 18 is a dual comparator with the high tolerance point (32 VDC) on 
one of the comparators and the low tolerance point (22 VDC) on the other. A dual operational 
amplifier is used in the open !oop mode to form the comparator circuit. Scaling resistors place the 
comparator window within the operational limits of the circuit. When the bus voltage is outside of 
the window, the output changes state, preventing a launch. The lower tolerance point is also used 
for low voltage destruct and will be discussed later. Power for the circuit is from the aircraft prior to 
launch and from the battery after launch to make the comparator points independent of the voltage 
being measured. The two power sources are diode isolated and regulated to 20 volts to operate the 
circuit. 

Further flights in the test program will indicate if and where additional monitoring and 
quantitative measurements are required. 

e. Recovery. The HAST parachute recovery system must be sequenced properly to assure the 
successful recovery of the HAST vehicle. Most of the recovery circuits are located on the digital 
logic board. The exceptions, hj < 50K feet and Qc < 150 psf comparators, shown in Figure 53, are 
located in the autopilot module. With the thrust off, the target slows in speed and descends in 
altitude. As the target continues to slow, Qc is reduced to less than 150 pounds per square foot. At 
this point the comparator output changes, sending a ready signal to the recovery logic. As target 
altitude decreases to below 50,000 feet, the hj < 50K-foot comparator sends its re^dy signal to the 
recovery logic. When the three recovery parameters are met, a signal is sent to latch the recovery 
flip/flop. 

The radio commanded recovery inhibit circuit, shown in the lower left of Figure 53, must be 
absent for onboard recovery to be initiated. The hj < 50K-foot signal may occur before the Qc < 
150 psf signal in the target altitude is near or below 50,000 feet. 
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The radio commands, recovery inhibit and oxidizer throttle valve (OTV) shutdown, art 
provided to help control the point of recovery start. The OTV shutdown will permit the onboard 
recovery conditions to be satisfied earlier in the flight if it appears to the controller that the tarfiet 
will overshoot the recovery zone, if the target is short of the recovery zone, the controller can 
command recovery inhibit and use the target's gliding ability to extend the night. Radio 

•commanded recovery is provided should the normal onboard recovery function not take place. 
Some risk is involved, however, due to the possibility of opening the chute at a higher dynamic 
pressure than it is capable of withstanding. The drogue release command provides a backup to the 
normal timed drogue release. 

After recovery start has been commanded, either by radio command or onboard logic, a 
sequence of events (shown on the right side of Figure 53) takes place. The recovery sequence times 
are shown in the time base cnart of Figure 54. Engine shutdown, pitch loop disable, locator beacon 
destxuet inhibit and counter reset occur coincident with recovery start. The engine shutdown (OTV 
close) command causes the throttle valve to ramp closed in less than one second. The pitch loop 
disable interrupts all pitch inputs to the servo amplifier and ties them to zero signal which drives the 
canard to center. The canards arc centered at this time while the turbine is still providing sufficient 
power to operate the canard actuator. 
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Figure 54. Recovery Time Sequence 

Because end of flight, off course, and low voltage destruct mode conditions could exist during 
recovery the onboard destruct sensing is inhibited with the recovery start signal. 

The bfcsic counter (clock), discussed at the beginning of this section, must be reset to zero for 
recovery sequence timing. Reset is accomplished by the circuits shown in Figure 51, and take« 
approximately 50 milliseconds before the cou tcrs begin the recovery timing sequence. 

One and two-tenths seconds after the timing begins, safe and arm solenoid drive occurs, arming 
the shaped charge. Up until this time the safe/arm device has been in the safe condition holding the 
detonators out of alignment with the transfer lines that run to the hatch removal shaped charge. 
The 0-2 and 1-second counter outputs are summed for thii function. The 0.2 second output is on 
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for 100 milliseconds and is summed with the other recovery times to give iOO-mülisecond   on 
t°me of the r^veS EED's. The 0.2 second time was chosen to allow an additional time for reset 
transients to settle before beginning the recovery sequence 

At one second after the safe/arm solenoid functions (2.2 seconds after counter res^ ^ S/A 
detonator Se firing the shaped charge and removing the recovery parachute hatch. The hatch 
nulU out the drogue parachute and further reduces target speed. At nine seconds after hatch 
femoval (11.2 secSi/after counter restart) the drogue release EED f-es releasing the drogue 
D^achute As the drogue is released the mam parachute is deployed in a reefed condition. The mam 
Sachute .iUdfsreef automatically nine seconds after deployment. The locator beacon antenna 
EED is fired two seconds after drogue release (13.2 seconds after counter restart). 

The locator beacon is least critical to mission success; therefore, beacon antenna deployment ^ 
last to the recovery sequence. This prevents a failure in this function from affecting the critical 
uncLs   The be^on'was turned on at recovery start and is des.gned to operate continuously 

without danSe into a shorted antenna. The beacon is provided as a means of locating the arget 
during descent if visual sighting is not possible. 

5.   AUTOPILOT. 

The autopilot module provides a point of interfacing for the target night control sensors and 
the attitude control actuators. The autopilot module rece.ves attitude and rate information from 
the ™-os altitude and speed information from the air date module, and programming from the 
dieitei loäc board. Calculations and scaling operations are performed on the inputs and sent to the 
fw^ servo ampltfers to drive the canard and aileron actuator. The flight control system ^described 
sSTemaSly in the flight control section of this renort. The gain and phasing of each stage is 
contained in that section. 

The autopilot module is located in the aft tunnel directly under the OTV assembly. The module 
is of irreX shape to fit the space available in this area. The internal construction consisU of five 
multi^yer printed circuit boards which plug into a double-sided mother board. Interconnections are 
mSelhrou^ two high density connectors on two of the end multilayer boards. The multilayered 
^dauKhter" boards are bolted together and the total assembly encased with a metal cover. The 
II1UUU1C IB ittÜCtUiÖuy rügJJCU <u«u ^»^uu^. "»   ■.•—., — .—.B   ..   - 

For switching and control of the operation per. jrmed, analog gate switches are used Series or 
loop switching uses i channel J-fETS while grounding requirements are handled by N channel 
J-FETS   These field effect transistors require little or no power to operate, have low    on 
resistance, occupy a small space, and increase system reliability over relay type switches. 

a Turn Programming. Commands for Turn Program Start come to the autopUot module from 
the digital logic aSembly. The "S" turn maneuver is the most difficult and will be discussed in its 
entirety Individual turns utilize the same electronics as the "S" turn. Once the tum Program »u* 
steS turn completion is handled by logic in the autopUot module. A block diagram of the turn 
progra^ is shown in Figure 55 and may be referred to during the following discussion. When an S 
lum command is received from the digital logic board, it goes immediately to the Turn ILo&crihe 
Tum II Logic is not energized due to a prevent svf al from the Tum Complete ^^T*16 J1™ 
Logic biases the analog gates "on" which puts the Roll Angle I from the digita^ board into the roll 
autopilot and Heading Change I into the heading change comparator. A signal is also sent to the 
Gvro Control Logic. The Gyro Control Logic removes the gyro yaw pot readout from the autopilot, 
energizes the gyro torquer on the yaw gimbal and releases the analog gate clamp on the denved yaw 
integrator. The integrator integrates the torquer current as the target turns and slow V,5"™J0'^ 
point where the output is the same as the commanded Heading Change I from the digital board. The 
heading change comparator then switches the Tum Complete logic. The Turn Complete logic 
immediately excludes the Tum 1 Logic which returns the system to a straight and level flight on the 
new heading. With the gyro control released, the integrator capacitor is discharged to zero to await 
the next tum. 

■    i 

112 





A timer in the Turn Complete Logic waits 1'JO milliseconds for the Tum I information to clear 
from the system, then removes the prevent signal which energizes the Tum II Logic The Tum II J 
Logic re-establbhes gyro control as in Tum I and biases the Tum II analog gates   on . This puts the , 
Roll Angle II from the digital board into the roll autopilot and Heading Change II into the heading 
change comparator. The gyro integrator again integrates the gyro torquer current to a point where 
the integrator output is the same as the Heading Change II command. Again, the comparator 
switches the Tum Complete Logic which excludes the Tum II Logic. The gyro controls are returned 
to the free gyro mode and the target flies straight and level on this new heading completing the b 
tum maneuver. The Turn Complete Lone now has both Turn I and Turn II inputs locked out 
making it impossible for any repeat of the tum maneuvers. When the turns are programmed 
separately Tum II cannot occur until 100 milliseconds after Turn I is complete due to the same 
lockout from the Tum Complete Logic that occurred during the "S" turn. This is true even if the 
Tum U programmed time should occur while Tum I is in progress. 

The Heading Update Command is shown in the bottom of Figure 55. This command operates 
the Gyro Confol Logic in the same manner as the other tum commands. Again, it is not desirable 
to use the yaw pot of the gyro while it is being erected on a new heading and therefore the yaw is 
locked out during the heading update. The tum programs are not latched out by the Turn Complete 
Logic signals because the heading change comparator coes not change state during heading updates. 
A logic change from a one tc a zero zrA back to a one must take place in order to operate the Tum 
Complete Logic. This logic sequence takes place only when the Heading Change Commands come 
into the comparator through the Tum I and Tum II analog gates. 

b Heading Reference Gyro. Target programming and flight stabilization is dependent on the 
heading reference gyro. An understanding of the electronics incorporated m the gyro unit is 
essential in order to interface with the digital and autopilot assemblies. 

The gyro is oowered by a two-phase, 115 VAC motor. The same two-pnase power is used to 
operate the inner and outer gimbal tcrquers which electrically align the gimbals with the orthogonal 
axis of the target. Each torquer makes up pari of two servo loops within the gyro. The two loops 
are identical except the inner gimbal torquer is capable of 12 degrees/second and the outer gimbiü 

potentiometers. When these pots reflect an out of deadband condition, the electronics are switched 
on to torque the gimbal back into center and deadband. Control of the servo loops is external to the 
gyro by the caging and tum control inputs to be discussed. 

A transformer coupling is made to the inner gimbal torquer current. This output is scaled, 
squared and filtered for control of the derived inner gimbal integrator. Since torqmng rate is 
constant the on time of the torquer current is directly proportional to gyro heading change. 1 he 
derived inner gimbal integrator sums the on times to give a simulated yaw angle. Control of the 
integrator and shorting of the integiator capacitor is accomplished using an FET analog gate switch 
controlled externally. 

c Roll and Yaw Control. The roll and yaw pot readouts come from the heading reference and 
are processed in the autopUot module as shown in Figure 56. The yaw pot is input to an isolation 
amplifier to reduce loading and then out through the control switch to the yaw input of the servo 
amplifier. The control switch opens the line from the yaw pot and grounds the input to the servo 
amplifier The control switch is operated from the Tum Control Logic during tums or heading 
updates as shown in Figure 55. Due to yaw contro» reversal during negative g maneuvers, the control 
switch is also operated by the zero or negative g comparator. The filtered normal accelerometer 
output (Nz) is fed to the comparator for sensing the g condition. 

The heading reference gyro roll pot and the roll rate gyro pot are summed together in summing 
amplifier 1 of Figure 56. The output of this amplifier is passed through an active filter to summing 
amplifier 2. Summing amplified combines the filtered sensor signals with the commanded roll angle 
signal and this signal is fed to the roll servo amplifier. The roll commands for Roll Angle I, Roll 
Angle II or Heading Update are summed in a short time integrator with a 1.1-second time constant. 
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This integrating input is orovided to smooth out the control changes. The integrator is shorted when 
not in UM by the use of a FET switch which is controlled from the turn controls shown in Figure 
55 The output of the command amplifier passes through the roll limit amplifier to summing 
amplifier 2. The commanded roll angle is limited to 87 degrees to keep the target ^ the active 
control span of the roll pot on the gyro. The roll gain must be greater for flights above 90,000 feet. 
Figure 56 shows hj from the air data module fed to a comparator. The hi > 90K-foot comparator 
switches a FET analog gate to change the gam of the summing amplifier 2. 

d Climb and Cruise Control Climb and cruise programming and control comprise the largest 
portion of the autopilot module. The complexity of this part of the system is shown in Figure 57. 
The hi and Mi inputs are instantaneous altitude and Mach number readouts from the Aur data 
module. Commanded cnnse altitude (hc), commanded cruise Mach number <MC O.oM fast, 0.5M 
slow, 5K up and 5K down commands are all inputs from the digital logic assembly. 

The purpose of the climb programmer is to produce the most efficient launch to cruise altitude 
transition Following through Figure 57, the instantaneous altitude and Mach come into identic^ 
track and hold circuits. At two seconds after launch the track and hold circuits memorize the h, and 
Mi signals and their outputs then become hL and ML denoting the launch condition values The he 
and hL signals are then summed algebraically and sent to the multiplier. The other input to the 
multiplier i;: the output of the function module. 

The function module receives two inputs. One input is the algebraic sum of MC-ML and the 
other is Mc-Mi from the Mach command summing amplifier. The output of the function nodule to 

the multiplier is 10 (MJMI/. 
The OUlpUt of the multipIier ^ then 1/10 0f thiS term timeS (hc'hi) 

and is referred to as Ah*. The Ah*, hc and hi signals are then summed algebraically in the altitude 
summing amplifier and sent to the Ah input of the servo amplifier ^Vi ,f th?TM? 
summing amplifier. When the difference between Mc and ML IS less than 0.1 M the Mc-ML 
Jomoarator shown in Figure 57 removes the term (ML-M,) from the funct.on module which follows 
through to make Ah* zero. This makes the canard control a step function of ^e^fference between 
hc and hi. The Ah signal also goes to a differentiator to produce altitude rate (Ah). The Ah signal 
feeds into a gain resistor on the input of the canard servo amplifier. 

The Mach command summing amplifier (Mc-Mi) also feeds the AM comparator and ^tch circuit 
and the OTV throttle command circuit (Tc). When Mi comes to within 0 01 M of Mc dunng « 
climb, the AM comparator changes state and latches. This switch« out Ah* amoves the boost 
discrete signal from the OTV and removes the shunt from the ^M integrator. With the boost 
discrete removed, the OTV now accepts the Tc command for control. The AM + /AM circuit is a 
dual gain tyoe where AM has one gain and the integral of AM has another. Instead of allowing 
conditions where the integrator has to come out of deep saturation the integral of AM signal io 
limited so that any change of -he AM causes an immediate change in the composite signal This is 
helpful in ground checkout because a saturated condition will probably never exist in flight. The 
composite Tc signal is also limited to *10 volts to protect theOTV input With Ah* removed from 
the altitude summing amplifier, the target tlies on the Ah signal of (Mii) and is dampened by Ah. 
The Ah and Ah inputs to the canard servo amplifier are grounded untü the two-second pitch loop 
enable signal is received. Again, at recovery initiate, all inputs to the canard servo amplifier are 
grounded This ensures the target does not pull up into the launch aircraft and streamlines the 
Tanards for helicopter retrieval. The Ah signal is switched out during g maneuvers which will be 
discussed later. 

During event programming other signals enter the cruise circuita. A O.W.* f««* - C.EM slow 
command is entered into the Mach command summing amplifier to bias the AM to a new operating 
point. When either signal is entered first, the other may be entered later to return the target to the 
original cruise Mach number. An altitude change generator is also shown in Figure 57 with the 
5K-foot up and 5K-foot down command« as inputs. The output of this circuit a sent to the Ah 
command summing amplifier to bias the Ah signal to a new altitude operating point. When either an 
up or down command is received, the altitude change generator ramp biases Ah in the proper 
direction. The circuit is arranged so that whichever command is received first, the alternate 
command will return the target to the original cruise altitude. 
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e G Maneuver Control. Another circuit designed into the pitch loop programming is for g 
maneuver The g maneuver control block dmgram is shown in Figure 58. A g up or g down level is 
sXtei by rotating switches SW 12 or SVV 11 on the digital lope board. The g command start is 
selected by moving SW 8 (Event 1) or SW 7 (Event II) program select switches. 

Until event selected tune occurs, a FET gate clamp is placed on the capacitor of the integrator 
and bSd-off amplifier as shown in Figure 58. When G Command Start occur*, the clamp on the 
^plifier is removed alone with the damp on the pitch rate integrator. The Ah signal to the servo 

mp a so opened. The difference between the g level command and the normal ^f™™™ 
NZ

P    ummed in'the command summing amplifier, parses onto the canard ^f ^er at^ 
one-second time constant rate of the integrator. The canard angle ramps w.th the ntegraior to start 
a nulup or push-over att.tude change. As the target att.tude changes, the pitch rate integrator sum 
thepZ rate gyro output. The output of the pitch rate integrator feeds an absolute value ^^1 
whoS output ^always positive regardless of angle change poianty. This circuit provide the npu 
To a^omparator which is set to switch at a 30^gree pitch angle change   The "mparawr output 
opens the switch from the command summing amplifier and also operates a FET switch. U hen 
Szed! thTswitch bleeds off the charge on the mtegrator comparator over a 5.1-second period^ 
The tilet then returns to straight and level flight. The Ah signal stays out of the ^Ult after 
maneuver completion because the altitude change that lakes place can be large and variable. 

6.   DESTRUCT SYSTEM 

The purpose of the destruct system is to render the vehic.e aerodynamically unstable should 
any deviation from the desued flight path occur or vehicle condition that might render the vehic e 
^conSSe Obstruct system circuits are contained on the digital logic ^ wh.ch collect, 
information from various destruct sources and sends it to the destruct EED relay. The EED relay 
enermes sending the firing voltage to the destruct EED. The firing of the des met EED removes a , 
pm from the spring loaded aileron beUcrank. The spring action forces the ailerons to a hard roll 
condition. The vehicle then goes unstable and spins to impact. 

Destruct can be initiated either by radio command or by several target internal and external 
condiSo« S conditions are jettison from the launch aucraft. end of f^t Um«.jow m^bu. 
voltage, loss oi commar.d receiver guard lone miu UUIJCI, o.i-vuux«: u, .»w.^ w.-. *.« ^^^  
seconds. 

a.    Destruct Arming. Destruct arming must take place before any of the destruct functions can 
occi. The destruct arming block diagram is shown m Figure ^-Vehicle «^atton at launch 
removes the target lanyard pin which starts the auxiliary lO-second timer. The 10-second timer ls 
yS of some of the timers used on the digital logic board. It consists of a transistor which holds a j 

capacitor shorted until the timing function is to occur. The transistor opens and the capac tor , 
begins to charge. This voltage is fed into an operational amplifier used in an open loop mode as a , 
comparator. The other input of the operational amplifier is the comparator point. As the capacitor < 
charges up to the comparator point, the output of the operational amplifier changes state, showing , 
that the timing function has taken place. Either the output of th« 10-second auxilury tuner, or the 
lO-second count from the decade counters on the main clock, will latch the arming flip/flop. ; 

After latch, whatever happens to the input is of no consequence. Latching the flip/flop provides 
a signal to turn on the switch powering EED relays for destruct and ^o^.systems- ™e

r 
10-second delay allows a safe separation between the launch aircraft and the target. The main timer 
and destruct back-up timer are provided in a redundant system to assure destruct arming takes 
place. The arming latch is reset by the flip/flop reset circuit shown in Figure 69. 

b Radio Command Destruct. The radio command destruct circuit is shown as part of tht 
destruct command circuiU in Figure 60. The radio command is the most simple and direct route to 
initiate target destruct. Two channels (CH 1 and CH 2) are reserved for the command destruct 
function   In order to guard against operation from spunous signals, the two channels are not j 
common to any other function. If vehicle destruct becomes necessary, the two channels a« sent 
simultaneously and summed in the radio command circuit as shown in Figure 60. Output of the 
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ARMING 

LATCH 

28 VDC POWER 

LANYARD PIN 10SEC 

TIMER FL:P/ 

FLOP 

POWER 

SWITCH 

TO EED 
PULLEO SIGNAL RELAVS 

10 SECOND COUNT FROM COUNTER 

Figure 59. Destruct/Recovery Arming 

radio command circuit is used to latch the destmct flip/flop. Thf output of the latched flipfko 
drives the power switch which grounds the destruct relay and fires ine destruct EED. 

JETTISON 

DESTRUCT 

DESTRUCT 

EXCLUSION 

JETTISON 

LAUNCH      - 

EXCLUSION 

RECOVERY START 

OFF COURSE 

<100 

30 SEC 

TIMER 

END OF FLIGHT 

OR LOW VOLTAGE 

10 SEC 

TIMER 

ONBOARD 

COMMAND 

-OR" 

RADIO COMMAND 

TO DESTRUCT 

RELAY 

RADIO CH 1 

RADIO CH 2 

FLIP 

FLOP 

i 
POWER 

SWITCH 

DESTRUCT 

LATCH 

Figure 60. Destruct Circuit Block Diagram 

c. Jettison Destruct. In case of a launch aircraft emergency it may become necessary to jettison 
the t'irgst. Since a fully fueled target cannot be recovered, and jettison could occur on an unknown 
heading, dostrurt must be initiated. Figure 60 shows the path of the jettison signal to cause 
destruct. The jettison signal is always present if launch command has not been initiated. Launch 
command will exclude the jettison signal from passing through to the onboard destruct command 
"OR" circuit. In a jettison situation the jettison signal passes through the "OR" and destruct 
exclusion circuits to set and latch the destruct flip/flop. 

The destruct flip/flop is hold in reset by the flip/flop reset circuit of Figrre 51 until launch 
separation which occurs after launch command. The SELECT switch on the missile control panol 
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should bo placed in the SELECT [wsition pnor to jettison to assure proper time out of the 
10-second arming delay. 

d. Lost, of Command Receiver Guard Tone.Channel 10 of the command receiver is monitored 
tr show the receiver is receiving the ground transmitter earner. The chünnel is used instead of 
monitoring receiver AGC because AGC volume can be at a minimum and stJI have sufficient signal 
strength to provide command control. As long as the CH 10 tone is locked in, the communication 
link is adequate for control. Dcstruct takes place if there is a CH 10 loss or the receiver becomes 
inoperative for greater than 10 seconds. 

The 10-second timer used to time CF 10 loss is shared with the low bus voltage input as shr -vn 
in Fitrare 60. The figure also shows the output of the lO-secona timer inputs to the onboard 
command "OR" circuit. From there it takes the same path as aesenbed in the jettison destnict 
paragraph. The timer is the same type as discussed in the destruct arming paragraph. 

e. Low Voltage Destruct. Failure of the DPU alternator, regulator, diode pack or a short in 
the system would result in a power loss and possibly an unstable flight outside the range boundary. 

Main bus voltage is monitored as described in the prelaunch self-test circuit. The low level 
sensing side of the dual comparator circuit is used for the low voltage sensing. Output of the 
comparator feeds the same 10-second timer as the loss of guard tone circuit which is shown in 
Figure 60. If either the guard tono loss or low voltage lasts for 10 seconds (or any combination 
thereof) destruct will be initiated through the same path as described in the jettison destruct 
paragraph. Intermittent or permanent return to the 21 VDC level will reset the timer requiring 
another füll 10-second off period for destruct to occur. 

f. Off-Course Destruct. The off-ccurse destruct circuit monitors the deviation from the 
desired flight path. A preset limit of ilO degrees is set into the monitor. Any deviation outride of 
the ilO-degree corridor will start a 30-second time delay as shown in Figure 60. At the end of 30 
seconds the timer will enable the destruct circuit as described in the jettison destruct paragraph. 
4*,t^»».«*:~ »M***«  »«!-*     ^1.«*  ...u»»   »u-   „/#    „_. _  ;„ 1..«.-J f« l,.. i\ in   i. it»! 4U- 

< kMwsatuwt.  ii..».»  bwitt.--   }*»<M,I.   niivn  but;  KJH-\.\J\AIO%:  ciiwi   10 teruuecu vo icaa wiun  xvuc^icra.   »»urn bile 

gyro tf^rquen are called in during a preprogrammed or a radio commanded (heading update) tain. 
the off-course timing does not start. This is because the torquing rate is always faster than the turn 
rate of the target so that the maximum off-course signal is two degrees. 

The circuit used in the off-course sensing is a dual operational amplifier used as a comparator. 
One operational amplifier is used for the left off-course comparator point and the oth«:r for the 
right off-course comparator point. The comparator is powered by the ±15 VDC MOPS output. 
Comparator outputs are fed to a common gate which starts a 30-second time delay. This time delay 
is similar to that described in the discussion on destruct arming. 

g. End of Flight Destruct. The end of flight destruct function is a selectable elapsed time 
counted from launch. The time is selectable by setting up switches SW 5 and SW 6 as described in 
Flight Programming, paragraph 1, the end of flight destruct may be omitted by selecting the no 
event position on the switches. The path taken by the end of flight destruct signal is similar to those 
already discussed and is shown as part of Figure 60. 

AD of the onboard commanded destruct functions (jettison, loss of guard tone, low voltage, 
off-course and end of flight time) pass through the destruct exclusion circuit as shown in Figure 60. 
Recovery initiation prevents these onboard destruct functions from latching the destruct flip/flop. 
The radio command destruct remains at all times in case of parachute destruct or other system 
malfunctions. 

7.   RANGE COMPATIBILITY EQUIPMENT 

Communication with the target during powered flight and recovery is essential for a successful 
flight test. The range compatibility equipment provides the communication. Originally, the 
Integrated Target Control System (ICTS) was to perform this function, but it has been delayed 
pending the availability of a compatible configuration. In the absence of the ITCS, equipment is 
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report. 
ThP FPS 16 ranee radar and the FR\V-2 command transmitter are presently installed on the test 

TV,/RFsMfi r«H« if^d to track the target during flight and to d.rect the MARS equipped 
S^opL'^o ^ft "gerane^e'c^erParame^ which'can be obtained from the radar are speed, 
altitude, position and climb or descent rates. 

^ÄÄSl'puÄut'Ä Sib. £Är«= ^ «,-n.enU .nd the 
transmitter and receiver are tunable between 5400 and 5900 MHz. 

h    rommand   Receiver   The   FRW-2  command   transmitter   is  used  to  transmit control 
commanSTrlsSrheading   update,   recovery   and   ^t   pro^mm^ A   comman 
receiver/decoder   is   installed   in   the  ^«^^VrSugh'TrTheSvidS channel 
S^at s=?n Ale0Txlx. SSiv^sSiy^ ^u V mmimum for active control 
operation. The receiver Is squelched to reduce interference. 

Antenn. isol.tion ™ studied to mmimize interterence ^'»»" »11 »*'SS^S 

Force. 

8.    HAST ANTENNA SYSTEMS 

this report. 
TransDondcr   The  transponder antenna consists of a half<ircular cavity backed   slot 

b    Telemetry The telemetry antenna consists of a curved cavity backed T-bar fed slot radiator 

provide nearly spherical coverage. The antennas are mounted at station 39.10 and as near equally 
spaced as internally mounted components will allow. 

c. Command Receiver. The command receiver antenna is a «aled msion «^ AT
f Jf^RN 

flush mounted marker beacon antenna. The radiator is thicker to provide *™**"*?JZun*h 
fiiohu It consists of a curved rectangular cavity, a curved radiator that runs aUnost the run lengin 
o 'the clv'ty rtem^Sure compenVated trimmer capacitor and a curved radome which mount, 
flu^ wiithe skTn o^ the vehicle Three of these antennas arranged as follow, are used In this 
system: 
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37.35. 

37.35. 

(1) One mounted on the tunnel at station 38.50. 

(2) One mounted on the right top approximately 122° from the tunnel antenna at station 

(3) One mounted on the left top approximately 122" from the tunnel antenna at station 

These antennas are connected to a three-way resistive power divider with the left antenna 180° 
out of phase with the other two antennas. Initial testin-' on this system indicated that it provided 
adequate angular coverage. However, later tests indicated that there was as much as 20 to 30 degrees 
differential phase shift through the power divider. Therefore, a new hybrid power divider which 
provides less loss and one degree phase balance was chosen. Initial testing on a prototype system 
using the new power divider was accomplished. These tests showed that if the flight profile is such 
that the vehicle is never pointed at the ground station, the prototype system provides adequate 
coverage. However, a firm flight profile for the long flights has not been established; therefore, this 
system has not been incorporated into the HAST vehicle. The new system uses the same antennas 
and cables as the old system except that the location of the top left and right antennas are 
exchanged with their feeds oriented toward the horizontal centerline of the vehicle and the top 
right antenna is 180 degrees out of phase with the other two antennas. 

d. Locator Beacon. The locator beacon antenna assembly consists of a purchased part and an 
aluminum cover for this part which also provides mounting for an RF connector. The purchased 
part consists of a machined polycarbonate block, a helical wound spring and tip piece, a shear pin, a 
knife and an explosive actuator. The outside coil of the spring is mounted to the inside of the 
machined block. When the spring is compressed and the shear pin inserted, the antenna can be 
extended by applying an electrical signal to the explosive actuator. The antenna is mounted at 
station 41.00 with the tip piece flush witii the skin. 

9.    HASTTELEMETRY 

The purpose of the HAST telemetry system is to sample, encode, «nri tmnsmit to a remote 
receiving station, the data relevant to the performance of the test vehicle. It will also accept and 
transmit scoring data from the vector miss distance indicator scoring system. 

The type of telemetry system used is a combination of continuous channels on separate 
subcarrier frequencies and a pulse amplitude modulated (PAM) return to zero (RZ) formal for 
multiplexed information. Data frequency modulates a 5-watt, S-band transmitter at a base 
frequency of 2267.5 MHz. The telemetry system is divided into the following components: 

• Antennas •       Voltage Controlled Oscillators 

• Transmitter •      Signal Conditioning Circuits 

• Multiplexers •      Sensing Devices 

(1) Temperature 

(2) Pressure 

(3) Strain 

(4) Acceleration 

(5) Vibration 

The telemetry system for flight test vehicles is in two basic configurations: (1) For those 
vehicles whose primary purpose is flight dynamics and vehicle performance, and (2) for those 
vehicles which contain scoring systems. 
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Configuration (1) is a modularized package which permits changing or deletion of test 
parameters depending on the flight schedule or program progress and has a capability of up to 186 
channels of data. A maximum of 149 channe's is now planned to be used on any one flight based on 
the present flight schedule. The signal conditioning components are mounted on small single or 
double sided printed circuits which pNg into an 8-layer mr.ster circuit board. Required changes can, 
therefore, be made on the small boards without affecting the master circuitry. Additions or 
deletions of parameters can be accomplished by the addition or deletion of the small signal 
conditioning boards. The design utilizes two multiplexers, one with high level inputs (0-5 VDC) and 
one with a combination of high level and low level inputs (0-50 MVDC). Low level signals are 
primarily for thermocouple measurements. 

Due to space limitations imposed by addition of the VMDI scoring system, the telemetry of 
configuration (2) is greatly reduced. It is composed of one 45 x 20 multiplexer and microminiature 
voltage controlled oscillators. Scoring data is presented on a 450 KHz subcamer frequency. This 
subcarrier frequency was necessary to process the 50 KHz bit rate data from the scoring encoder. 

The telemetry antennas used on HAST are a flush mounted 4-antenna array with two antennas 
mounted on the upper half and two mounted on the lower half of the forward section of the vehicle 
to provide uninterrupted transmission in all vehicle attitudes. 

Block diagrams of the systems are shown in Figures 62 and 63. 
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SECTION VIII 

AUGMENTATION AND SCORING SYSTEM INTEGRATION 

The development of the radar augmentation system (RAS) and the vector miss distance 
indicator scoring system (VMDI) has been contracted to the Government Electronics Division of 
Motorola Ind and the infrared system to Ordnance Research Incorporated of Ft. Walton Beach. 
Fiorida These are prime contracts and the technica1 work performed under those contracts is not 
covered' in this technical report. It is the responsibility of Beech Aircraft Corporation, however, to 
integrate these systems into the HAST vehicle and this effort is covered herein. The contractors 
have maintained coordination through a series of monthly meetings and formal exchange of data 
during the development phase. Coordination with respect to electrical and mechanical interfaces 
and acceptance test procedures has been accomplished. These augmentation and scoring systems 
have been referred to as pay load since their function is not essential to target flight operation. 

The payload has been developed in a modular configuration which will allow minimal Ume 
required for instaUation and removal. The mam electronic package for both the RAS and VMDI 
systems is housed in a modular package forwaro of station 35.0. The remaining subsystem items 
such as antennas, inter-connecting components and cabling are mechanically installed aft of station 
35.0 throughout the HAST vehicle. The total package has been designed to facilitate inslallauon 
and rertoval so that field configuration can be maintained. 

OTeneral arrangement of RAS/VMDI systems is illustrated in Figure 64. The payload systems 
are listed below in three phases of installation and test: 

• Radar Augmentation System (RAS) 

• Scoring System (VMDI) 

• Cneckout and Analysis 

1.   RADAR AUGMENTATION 

« The main electronic package located in the nose cone of the HAST vehicle is designed on a 
modular basis, which will allow rapid installation or removal for field coiifiBar2'.ion. Two integral 
parts of the payload module forward of vehicle station 35.0 combine to form this total electronic 
package. This module consists of the following: 

• Electronic Chassis Assembly 

• Radome 

(1) The electronic chassis, a brazed aluminum frame, houses the electronic components 
and also interfaces with the HAST vehicle at station 35.0. It becomes an integral part of the fuselage 
structure. The chassis is cantilevered at station 35.0 with four mounting lugs which are a part of the 
HAST forward fuselage. All components pertinent to RAS/VMDI systems are mounted directly to 
th   chassis. Figure 65 illustrates this configuration. 

128 

The radar return augmentation system, an active system, is designed to luifui renectiviiy                       i ; 
requirements and to be compatible and integrate electrically and mechanically into the HAST 

'             vehicle Three basic subsystems make up the total RAS system:                                                                                  ) \ 
I j 

• Electronic Module, Forward Package                                                                                                                     ; i 
! j 

• Antenna System                                                                                                                                                      \ \ 

• Interconnecting Components and Cables System j 
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STRUCTURE 
THERMAL ISOLATC« 

MOUNTING LUGS- 
(4 PLACES) 

Figure 65. Pay load Forward Chassis 

POWER 
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SIGNAL 
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PAYLOAD 
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RFCONNECTOR- 

Figure 66. Payload Chassis Attachment and Electrical Dif^onneet 
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(2) To interconnect the payload electronics with the HAST vehicle electrical system a 
common Connect plate is ut.Hzed. The P^-d 'on^c^ 
connections for electrical interface as shown in F.gure 66 T^ ".^f J^,cl* d

0
up^d

8J^ 
connector interface with a compatible connector arrangement at ^f**™™*^™^^ 
mcorporates the modular concept that was originally conceived, and mating takes place at 
mechanical interface with the forward payload chassis. 

(3) The radome and its mounting ring encompasses the forward electronic ch^is ^d it. 
components. The radome fabricated from aluminum phosphate matrix 1ALPO4) and quart* 
reinforcement is attached to a structural mounting nng which in turn is secured to the HAST 
forwLd fuselage section. A four-point attachment is made with the radome mounting nng and the 
deTtronic ctS^o provide a completed structural path. The modular application is again achieved 
by this method of attachment. 

(4) Thermal isolation  is necessary  for  the payload module due to the extreme heat 
encountered  n ^forward location, To insulate the electronic chassis from the structural franie 
SatiSn washers are employed at the attachment points of contact with the metal structure 
SdUional  insulating  blankets are installed  around the  metal  radome attach  ring to furthe 
reduction aid transfer of heat to the electronic payload package. Figure 60 denous the thermal 
isolation for the metal chassis. 

b Antennas for the payload are installed in the HAST vehicle as shown in Figure 67 These 
locations andTtaJlation were established to obtain the optimum system function and mechanic^ 
interface w"üi the HAST vehicle. This figure illustrates the total system of antennas required for 
both RAS and VMDI. 

VMDI 
|2REaOI 

VMDI 

X«AND6"HELIX 
12 PLACES) 

X-eANDV HELIX ANTENNA 
I2PL/>C£SI 

XBANOARRA> 
(8 REQOI 

I 

X-BAND t" HELIX 

Figure 67. Payload Antenna Location» 

(1) The X-band transmit antennas system installed in the vehicle is noted in Figure 67_ A 
six-inch Helix is mounted on the payload chassis in the nose cone. Along with this is another 
antenna group packaged in an octagonal shape with eight arrays. Both items are a part of the nose I 
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module and are forward of station 35.0. InstaUation and removal is modular and access can be 
obtained by removal o» the nose cone. 

Two 1-inch Helix antennas are located forward of »ving fuselage intersection at approximate 
statior. 122.25. This antenna is typical for both right- and left-hand sides of the HAST fuselage. 

The two remaining six-inch Helix antennas which complete the transmit antenna system are 
located in the aft section of the HAST vehicle mounted on the vertical stabilizers on both the right- 
and left-hand sides of the vehicle. All antennas within this transmit system are externally mounted 
for rapid installation and removal. 

(2) The X-hand receive antenna system is a conical log spiral located in four key locations 
aft of station 35.0. These antennas are externally mounted with radomes configured with low drag 
efficiency. Figure 68 depicts their location. The receive system encompasses the entire vehicle with 
a forward antenna in the canard section fuselage top centcrline and one antenna mounted on the 
bottom centerline of the ram air turbine. Two addition antennas complete the receive system with 
installation in the aft section on both right- and left-hand sides of the vertical stabilizer. Again, all 
antennas are accessible external to the vehicle. 

X BAND V HELIX ANTENNA 

12 PLACES) 

XBAND 
WAVEGUIDE 

X-BANOii'HCLIX 
(2 PLACES) I 

; 

SECTION A-A 

Figure 68. Cable and Wave Guide Routing 

(3) The L-band augmentation antenna ccmpletcs the system with installation of the 
antenna in the forward canard fuselage section shown in Figure 68. The L-band antenna is used for 
both receiving ai.d transmitting. 

(4) Radomes of aluminum phosphate (ALPO4) are designed for low drag considerations 
cover all external mounted antennas. 
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   (5) An^iinas are individually «Tapped with form lilting MIN-K"- for insulation from 

depends on location and seventy of temperature expected. 

c. Transmission lines and interconnecting components are packaged aft of station 35 0. 
Location and routine; is noted in Figure 68. Th.s figure shows that routing of the lines from station 
35.0 aft is through the raceway tunnel section of the vehicle. A comb;nalion of coax cables and 
wave guides is used. 

(1) Routing for the RAS system begins at the station 35.0 disconnect plate. From the 
disconnect plate coax cables are routed through the forward canara fuselage section to appropriate 
hvbnd couplers and aft through the forward raceway with a waveguide to another hybrid coupisr in 
the electronic section. A waveguide again picks up the transmission and carries it to the aft taJ cone 
area where cabling is again employed to transfer signals. 

Transmission lines for the L-band system are all contained in the forward command fuselage 
section utilizing 0.141 diameter semi-riged cable for interconnection between components. 

2.    SCORING SYSTEM 1 
i 

The electronics of the scoring system developed by the Government Electronics Division of 
Motorola is packaged in the forward noje section of the HAST. Antennas are positioned at key 
locations and interconnected with the electronics by coaxial cables through the HAST vehicle. , 

i 

a. Antennas for the VMDI scoring system are mounted in the extreme forward and aft i 
sections of the HAST vehicle. Two antenna groups are mourned in the forward end of the payioad 
chassis and are a part of the payioad module. These antennas are positioned on the vertical and • 
horizontal  centerline of  »he  vehicle.  Two other   VMDI  antenna   groups  are mounted on the 
horizontal centerline of Üie vertical fin on both right- and left-hand  sides of the vehicle and 
externally mounted.   Location of these units with reference to the HAST vehicle is noted in Figure 
67. | 

(1) Radomes that cover the VMDI antenna also cover X-band Helix and X-band conical 
spiral. This one unit radome is of heat resistant ALTCU and designed to low drasr configuration. i 

b. Each fin antenna is fed by four 0.250 inch diameter semi-rigid coax cables. These cables 
run from the station 35.0 disconnect plate through the raceway to the vertical left-hand stabilizers 
of the vehicle as shown in Figure 68. To protect these cables from the extreme heat encountered 
due to the routing, insulation is utilized throughout at key locations within HAST vehicle. 

3. INSTALLATION VERIFICAi ION 

Acceptance test procedures have been prepared to venf" the installation of the antennas, 
interconnecting components, and the cables. These tests are conducted to verify installation 
conformance with respect to payioad and vehicle. The checkout verifies discrete payload-antenna 
interconnecting cables including the variable standing wave ratio (VSWR) and the radio frequency 
(RF) loss. Block diagrams of the antenna and interconnecting lines are shown in Figures 69, 70 and 
71. 

4. IR AUGMENTATION SYSTEM 

The infrared (IR) aufcinc.itation system consists of a pressurant tank, electromechanical 
controls, a slurry tank, and a flame holder. When loaded it we-ghs 40.6 pounds. The outside 
diameter ic four and one-half inches and the length is 58 inches. It is covered by a sheet metal 
fairing when attached to the HAST vehicle. 
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Figure 70. Block Diagram, L-Band Loop Antennas 
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Figure 71. Block Diagram, VMDI Antennas 

3 
VEHICLE 
STA 35.0 

135 



■ w) nt^uit ii im mum mi j i mmmm****m*—***i***~~~~~m 

replacmR the fairing support bracket. The 1R system is positioned under the HAST and the 
electrical connection made into a receptacle at station 149. The IR payload is then attached to the 
HAST vehicle by three bolts at station 149 and two bolts at station 192. The IR famng is installed 
using the same attachments and fasteners as the aft raceway cover. 
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SECTION IX 

PROPULSION 

The propulsion system chosen for the HAST is a hybrid rocket motor consisting of a liquid 
oxidizcr ard a solid fuel. Because of the extreme Mach number and altitude performance envelope 
required, a pure rocket motor was chosen for this application rather than an air breathing system. 
Auxiliary boosters were not employed because of the variety of system boost requirements 
presented by the various missions to be flown. A nonhypergolic hybrid system was chosen to 
provide the safest possible system. The hybrid system also provides the necessary throttle ratio (as 
high as 10:1) at minimum cost since the thrust level can be controlled by adjusting the oxidizer 
flowrate. The prepackaged system consists of four major components: U) a hermetically sealed 
oxidizer storage tank equipped with a propellant acquisition device; (2) an oxidizer 
prepressurizationsubsystem;(3)anoxidizerthrottl3va]ve(OTV);and (4) a thrust chamber, assembly 
(TCA) containing the solid fuel. The first two have been combined into an oxidizer management 
assembly (DMA), while the last two have been combined into a controlled thrust assembly (CTA). 
The function of the OMA is to supply oxidizer at a given flowrate potentia' and pressure under all 
flight conditions while the function of the CTA is to provide a thrust level prescribed by the HAST 
automatic flight control sys-. i .'AFCS). The engine ignition and ramp to maximum boost thrust 
level is controlled by electronic associated with the oxidizer flow control valve while the AFCS 
controls the engine sustain thrust ievel during cruisp 

The operation of the propulsion system can best be described in conjunction with the system 
schematic shown in Figure 72. During vehicle readiness operations prior to loading onto the carrier 
aircraft, the nitrogen prepressurization storage tank is filled with cold gas. After launch, the 
nitrogen is expanded through a regulator into the oxidizer tankage to provide a positive oxidizer 
pressure at the tank outlet. The oxidizer outlet valve opens and oxidizer is allowed to flow to the 
oxidizer pump where its pressure is boosted. The igniter is initiated producing hot fuel rich gases. 
The oxidizer throttle valve then opens admitting oxidizer flow to the injector manifold arriving at 
the proper time to combine with the hot fuel rich gases of the igniter to initiate combustion of the 
fuel in the thrust chamber. The oxidizer flow control valve then opens progressive •' to the full open 
position allowing the engine thrust to ramp to the maximum boost level. The oxidizer aeration 
system provides nitrogen to th<; injector manifold to promote oxidizer dispersion during low sustain 
thrust levels. The aeration gas is provided at a constant pressure above the motor chamber pressure 
to provide automatically compensated aeration flowrates. 

Uninterrupted oxidizer flow is provided by a free siphon located in the aft end of the oxiclzer 
tank. Constant oxidizer pressure is provided by a ducted power unit driven pump controlled to a 
constant speed by an air inlet control valve. The oxidizer throttle valve is used to provide the 
variable thrust level. 

As the vehicle approaches the desired cruise condition, the thrust level is gradually decreased to 
the expected cruise condition. The cruisa thrust level is adjusted on command from the AFCS to 
provide the desired cruise Mach number. As the vehicle speed changes due to maneuvers and weight 
changes, the AFCS commands the oxidizer throttle valve to change flow rate providing constant 
Mach number. Upon depletion of the usable oxidizer the prepressurization nitrogen is allowed to 
blow down through the open throttle valve. 

The propellant combination chosen as a result of a trade study was inhibited red fuming nitric 
acid (IRFNA) as the oxidizer and a mixture of 80 percent polybutadiene and 20 percent 
polymethylmethacrylate as the fuel. 

1.   OXIDIZER MANAGEMENT ASSEMBLY 

The basic function of the DMA portion of the propulsion system is to supply IRFNA to the 
CTA oxidizer throttle valve at a nominal pressure of 700 psig and flow capability of 3.6 
pounds/second to supply gaseous nitrogen (GN2) to the CTA aeration. 
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2.    GN2 SUBSYSTEM 

The GN2 (gaseous nitrogen) subsystem is used for two functions on the HAST vehicle, these 
being prepressurization'of the oxidizer and aeration to the TCA injectors. Prepressunzation of the 
oxSuer.srequ.red to prevent captation of the centrifugal pump. The pressure must be maintotaed 
at a Teve s ightly higher than the vapor pressure of 1RFNA at maximum temperature conditions 
Lation is LqLd to the TCA injectors during low IRFNA flow rates to assure acceptable 
oxidizer spray patterns on the fuel grain surface. 

The GNo is stored in a 318 in3 toroidal tank located forward of the oxidizer tank The tank 
contains ^7 founds of GN2 at a nominal pressure of 3500 psig at 70" F. One pound of the ÜN2 « 
used for aerat.on and the remainder used for oxidizer tank pressunzation. The GN2 tank ^ 
pTJZed prior to launch from standard GN2 carts or from a standard GN2 "T size bottle w. h a 
Sure intensifier A fill and vent valve compat.ble with these items is mounted on the toro.dal 
SSrAlsolncörporated into the GN2 tank is a high pressure relief valve set at 4200 ps.g for 
protect.on against overpressure. 

Directly downstream of the GN2 tank is a first stage regulator shown on Figure 73 that 
reduces the pressure to 260-380 ps.g. A mult.function valve, shown .n F.gure 74, >s coupled to the 
St s4e reSator This valve consists of a start valve, pressure regulator, check valve flow control 
oriie and two rdfef vdves. The start valve consists of a sealed replaceable shear cap that .s sheared 
by a sqmb actuated pressure cartridge initiating flow to the regulator and flow control onfic^The 
nreiure reaSator is a standard spring loaded type mainU.ning the ox.dizer tank pressure at 53 to 
73 S iftow conS orificS for aeration is 0.0225 inch diameter and utilizes the first stage 
pressure regulator output as the upstream pressure. 

SEAT O RING 

uUTLET 
INLET 

Figure 73. First Stage Regulator 

Each regulator has a relief valve on the downstream side as a safety feature protecting each 
system against overpressurization in the event of a regulator faUme. The oxidizer relief «dve .s set a 
250 psig and the aeration relief set at 700 psig. A check valve 18 located between the oxidizer 
pressure regulator outlet and relief valve to prevent IRFNA fumes from entering the regulator 
portion of the multifunction valve after completion of a mission. The check valve is set to crack at 
2 psig and reseat at 1 psig. 

3.   OXIDIZER TANK 

The oxidizer tank shown in Figure 75 U a nominal 9465 in3 17-7 PH stainless steel tank 
orcviding for 496 pounds of IRFNA. 488 pounds of which are usable. The IRFNA is sealed in the 
ta-V at the fill and vent ports with seals previously qualified for the AQM-37A and with a long and 
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satisfactory production history. An 1100 aluminum burst disc isclaLe« IRFNA from the GN2 

subsystem and by mtans of a backup plate will hold tank pressures up to 150 psig. This allows the 
burst disc to be compatible with normal operation but maintain sealing under excessive pressures 
associated with fires and with the normal storage pressure required on the ullage for temperature 
compensation. Teflon^ coated 1100 aluminum washers are being investigated as potential 
replacements for the seals in the fill and vent ports and the outlet port. 

The forward compartment contains approximately 35 percent of the total oxidizer and all of 
the ullage. The aft compartment where the siphon device is located holds IRFNA to be expended 
during negative g maneuvers and is the last oxidizer section to be depleted. This internal 
compartment arrangement gives optimum center of gravity travel for belter maneuverability. 

The front three compartments are connected with ports on the lower portion of each bulkhead. 
The aft compartment contains a 75-micron tension screen on the lower portion of the aft bulkhead. 
The tension screen, when wet. will readily pass a liquid but will not pass GN2 gas. This is a positive 
method of assuring the IRFNA contained in the aft compartment will continue to flow to th? 
thrust chamber during negative g maneuvers and will not flow forward into the next compartmei.i 
during normal operation. 

4. OXIDIZER START VALVE 

The shear cap on the oxidizer tank outlet is sheared with a pressure cartridge actuated piston 
housed in an oxidizer start valve shown in Figure 76. 

Sealing after the shear cap has been sheared is accomplished with an O-rir.g on the she'jr cap 
that mates with the cylindrcal inlet to the start valve. The start valve also has a hand operated 
shutoff valve that is closed as soon as practical after recovery. This hand operated valve, in 
conjunction with the GN2 subsystem check valve, will allow the oxidizer tank to become a sealed 
system and eliminate IRFNA fume leakage from the target after initial recovery operations. 

5. FREE'SIPHON 

Jitiee siphon device was selected for the positive expulsion system and is shown in Figure 77. 
TKb'selection was based on its simplicity of design; it also allows maximum oxidizer storage. The 

/Sphon is a welded assembly with a thin (0.005 to 0.007 inch) heat shrinkable Teflon® tube over 
the coil forming the bellows. The coil has a major diameter of 2.90 inches and the coil wire has a 
0.078 inch diameter. The short tube on the inlet is heavy walled for weight purposes, assuring the 
siphon inlet stays on the bottom during fill. All metallic parts are constructed of 17-7 PH stainless 
sW with heat treat identical to that of the tank. The siphon assembly is welded into the aft dome 
of the oxidizer tank. A chain attached to two bails control the position of the inlet tube allowing 
sufficient clearance from the tank wali at all positions. 

6. DUCTED POWER UNIT 

The ducted power unit (DPU) shown on Figure 78 consists of a ram air turbine providing shaft 
horsep'-rer to an alternator for electrical power and a centrifugal pump for raising the oxidizer 
pressuie from the 30 to 70 psia supplied by the GN2 subsystem (63 t 10 psig minus flow losses) to 
685 to 755 psig required at the throttle valve inlet. 

A fixed -cometry normal shock inlet with an air flow control (butterfly) valve supplies ram air 
to the turbine. The air is accelerated through the stator and directed to the rotor. The rotor 
converts the air kinetic energy into torque which is transmitted to the load by the drive shaft. 

Both the electrical generator and the oxidizer pump are mounted directly on the turbine drive 
shaft. The resulting design is a simple, lightweight energy converter which utilizes ram air as the 
energy source and whose driving and driven members are all on a common shaft. 
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Figure 76. Oxidizer Start Valve 

The horsepower requirements of the DPU, Model No. AD26A has been defined through 
IRFNA pumptag test, and experience on similar alternator designs. The horsepower requuremente 
assume a full load of 45 amperes on the alternator and the max.mum b-ost flow rate of 3.6 
JS/icond. Horsepower is klso defined for the launch conditions «nee oxuhzer flow rate dunng 
Uut period will be reduced to 2.2 pounds/second ana then increased hnearly to 3.6 pcunds/second 
during the ramp time interval. The horsepower budget is as follows: 

TABLE XXX. DPU HORSEPOWER BUDGET 

Altmiator (70% eff) 
46 amps at 28 volts 

Pump 

Bearings 

Total Horsepower 

Total Horsepower * 5% Margin 

Horsepower 
at Launch 
2.2 lb/sec 

2.52 

12.53 

0.25 

15.30 

10.10 

Horsepower 
at Boost 
3.6 lb/sec 

2.52 

16.88 

0.25 

19.65 

20.60 
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Figure 77. Free Siphon Device 

The pump horsepower includes that required for disc friction and the pump seal. 

The alternator is a brushless AC type with a rectified output for conversion to DC power. The 
alternator output voltage is 28 ± 2.8 VDC. Full alternator load is 45 amperes at 28 VDC. The 
alternator is canable of providing transient loads of an additional 30 amperes at 28 VDC for 100 
milliseconds. A lOO-millisecond time period will elapse from the completion of one transient load 
to the initiation of the seccnd. 

The oxidizer pump is a radial vane centrifugal pump capable of raising the oxidizer pressure 685 
psid under nominal operating conditions. A nonrubbing seal assembly has been included in the 
pump design to accommouau; periods of dry pump operation. The seal, identified as 
"VISCOSEAL" consists of a sleeve with 0.003 inch deep parallel grooves set at a 15° helix angle. 
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The seal rotates in the pump homing bore with a 0.Ü01 inch radial clearance and pumps 1RFNA 

wmmmmm 
A speed control is used to maintain the turbine at a constant speed required by the pumpand 

altemaorihe speed is set by operating the system and obtaimng the speed at whxh he pump Ap 
fs 685 psid The nominal set pomt is 31,500 rpm. The speed control generates a signal to the 
actual' motor which position^ the butterfly valve to vary the airflow to the turb.ne, thus 
controlling speed. 

An analytical approach was used to determine the best combination of inlet area, turbine 
diameter and exhaust area to achieve maximum performance with the minimum component size 
system ThTratSmle used in sizing the system was to select a combination which dehvered the 
reoSd aunch horsepower (16.1) at M = 0.9 and 40.000 feet, and which delivered maximum boost 
hXpoweM20.6? ov«The majority of the flight envelope. The selected combination consists of a 
10 in^ inlet area. 6.0-inch mean turbine blade diameter, and a 25-in2 exhaust area. 

7. PLUMBING 

AU IRFNA plumbmg lines are 6061 aluminum 3/4 inch in diameter ^ ^3 connectors 
for relief of structural loads. Kel-F® elastomer O-nngs are used for sealmg. The GN2 subsystem has 
stainless steel lines upstream of the start valve with aluminum lines in the low pressure areas. 

8. CONTROLLED THRUST ASSEMBLY (CTA) 

The basic function of the CTA portion of the propulsion system is to provide thrust from a 
hybrid rocS motor in response to command voltage signals to the oxid.zer throttle valve (OTV). 

9. FUEL GRAIN 

ThP fnel erain consists of 20 two-inch thick molded billets composed of 80 percent 
polybutadiene (PBS) and 20 percent polymefhylmethacrylate (PMM) which are stacked into the 
TCA as shown on Figure 79. 

Because of injector effects on the fuel grain, the axial fuel regresion rate is not constant (i.e. 
increased local heat transter resulting in higher regression rate;, rt IUCI IH»-I •"«. U.c*r-»*u « — 
h tos 8 fceSe required in the Region where the injector effecU are ^Ä !^ !on 

to these two configurations, the first fuel billet has an increased port area m ^"^^ !f ^ 
of the fuel grain. The two most aft fuel billeta have two-inch diameter cylmdncal ports. This 
restriction in the nozzle area increases the combustion efficiency and aids in reducing the nozz e 
Soaf erosL The total fuel grain is composed of a grouping of these various configurations in 
oS to ™mize the fuel utilisation and minimize case heatmg. The average volumetric loading is 
0.90 based on an exterior fuel grain diameter of 12.6 inches. 

10. NOZZLE AND AFT CLOSURE 

The nozzle is shown in Figure 80. The assembly is composed of a number of insulative and 
structural components bonded into a 4130 steel shell. These components are: the e^e ^n 
throat insert (pyrolytic graphite), exit cone (phenolic), retaining nng exist cone heat «nk/throat 
supirMhign deSly graphite), entrance support ring, and entrance and exit insulative components. 

The nozzle is a heat sink dts.^ having a reentrant (submerged entrance ^Jon (25° 
half-angle) am» -11 nozzle exit. The nozz^ Lrw a throat diameter of 1.47 inches and an over^ 
expansion ratio of 15:1. Significant design featu^ are a sliding entrance cap ^ ajow for «ud 
pyrolyte graphite expansion, positive c- ponent retention (no dependence on bonds), sliding 
pyrolyte graphite throat insert, and circumferential lockwire attachment to the case. 
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WEB DISTANCE - 3.0 

NOTE. LOADED WEIGHT - 152 LBS 

Figure 79. Fuel Billets 

11. OXIDIZER INJECTOR AND MANIFOLD 

The basic function of the injector-manifold assembly shown on Figure 81 is to deliver the 
oxidizer into tne comouanun ciittiiiuci ui « iiiat<nei  nin«..! «n«aica wp.unu —. r-  
throughout the required throttling range. To accomplish this, the manifold must distribute the 
oxidizer to the injectors with minimum pressure loss. The injectors must then atomize and disperse 
the oxidizer such that the proper distribution over the entire exposed surface of the fuel grain is 
assured. At the lew flow rates, where the pressure potential and injection velocity of the oxidizer is 
inadequate, aeration provides the necessary injection velocity for proper atomization and 
dispersion of the oxidizer. Aeration as used herein defines a process in which gaseous fluid is mixed 
with a liquid to decrease its bulk density and increase the atomization and dispersion of oxidizer 
particles. 

The injector is designed to produce a solid cone spray and is comprised of a spinner and a 
properly shaped nozzle. The function of the spinners is to impart the tangential velocity component 
to the passing fluid; however, the spinner must maintain a proper balance between the tangential 
and axial velocities. The velocity distribution, therefore, determines the resulting spray pattern. 

This velocity distribution must be developed with a minimum pressure loss as the remaining 
pressure differential determines the injection velocity. The function of the nozzle is to efficiently 
convert the pressure potential into kinetic energy. This is accomplished by providing smooth 
transitions during the acceleration processes. 

At low flow rates the available pressure differentials are inadequate to maintain the injection 
velocities necessary to properly atomize and disperse the oxidizer. With a design pressure 
differential of 150 psi and a throttling range of 8.9:1 (ratio of boost thrust to minimum sustain 
thrust) the pressure differential is reduced to less than 3.0 psi at the minimum flow rate. This is not 
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Figure 80. HAST TCA Nozzle 

sufficient to atomize rnd disperse the oxidizcr as desired. Therefore, nitrogen gas from the toroidal 
'tank is used to atomize and disperse the oxidizer. 

Test results indicate that efficient mixing of the gas and liquid can be achieved by injecting gas 
inthecentcrof the liquid stream immediately downstream from the spinner. This is accomplished by 
inserting the aeration tube in place as shown in Figure 81. Proper aeration is obtained by controlling 
the pressure at the aeration inlet by a sonic flow control orifice 0.0225 inch in diameter located in 
the GN2 subsystem which ensures that a minimum flow of 0.0024 pound/second GN2 is obtained 
under choked flow conditions. A check valve between the sonic orifice and injector is required to 
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isolate the GN2 suhsystcm dunnR periods that the injector pressure is higher than the regulated 
pressure upstream from the sonic onfice. 

«IJ0^. 
IRFNA MANIFOLD 

TCACASE 

OTV 
MECHANICAL 
ASSY. 

Figure 81. Oxidizer Injector and Manifold 

The priTiary function of the manifold is to distribute the oxidizer and nitrogen to each injector 
with minimum pressure loss. The manifold assembly is presented in Figure 81. An oxidizer 
distribution block interfaces with the outlet of the oxidizer throttle valve. This block diverts the 
oxidizer into two feeder tubes, each of which leads to two series connected injectors. Aeration gases 
are apportioned through a distribution block located on top of one of the injectors. The 
components of the manifold arc fabricated from aluminum. 
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12. IGNITER 

The ieniter assembly for the HAST motor is shown in Figure 82. It consists of an insulated 
igniJr caTerd ^or closure housing, a dual bridgewire initiator and a solid propellant gram. 

The ienlter case is a cylindrical shcU with an integral aft closure and nozzle shell. A lip is 
proÄ at  hJ afHnd for snap rmg retent.on of the igniter case in the -otor forward ^me Th 
case forward end is threaded and includes provistons for an O-nng. The case matenal is 4130 steel 
with an ÜD of 2.185 inches and a wall thickness of 0.100 inch. 

The '-niter closure is a forged cylindrical cap of 4130 steel with provision for an initiator to be 
installH v  90 degrees to the closure centerline. 

The igniter throat insert is fabricated from carbon fiber reinforced phenolic resin. The insert has 
a throat dTanieter o 0.140 inch and is bonded on a 30-d-gree ramp with epoxy adhesive to the steel 
Ui^ he rTh s rip supports the insert when the igniter is pressurized and prevents 't f^m bemg 
eSd m o the case Si ica Buna-N rubber is used to insulate the igniter chamber The igniter 
pro^Ltlrain isTst into a O.OlO-mch thick paper phenolic cartridge. A liner is applied between 
fheÄlSit and internal surfaces of the cartridge to ensure propellant adheslon

h.
The

0^
l"n

d"'Rn 

of the p^gSswe burning pyrogen igniter is a simple cylindrical configuration weigh.ng 0.45 pound. 
The igniter is expended in 2.4 seconds. 

13. MOTOR CASE 

The case shown in F^re 83, is fabricated from A1SI 4130 steel heat treated to 180 000 to 
200 o5o nrmininTm ültiiSte tensile strength. The case consists of a 13.000 inch outside diameter 
cÄc£ hTi So inches in length, with a 0.060 inch minimum wall thickness. At the forward 
end a she„ Up a^d sealing surface are provided for the forward closure. The forward closure is 
inserted int" the aft end of the motor case and translated < nvard until it contacts the shear lip. The 
dosuK i ret^n^i by three threaded dowel pins. At the aft end. the aft closure/nozzle sheU * 
S byTcScumferential lockwire joint. The lockwire joint uses square keystock mstalled 

nujiuevi "f B ^ _. _ _1ä# ^ ,;„ matchina oir^Mmfprontipl crroovps in matine oarts. With the kev 
msffi ^e'p^^r^ked'rog^Tr'ändablVt^wiVhstand extremely high ejection loads. The aft 
^mlrenÄk^reTo.nt provides a full opening diameter for insertion of the gram cartndge. 

rase fabrication is accomplisned by shear forming a forged preform over an internal mandjrel. 
Accentence of each delivered motor case is based on successful completion of a^'drosta tic proof 
test to 12 tfrnes operating pressure followed by rad.ographic inspection of all weld, and a thorough 
inspection of all case surfaces using a magnetic particle process. 

14. INSULATION 

The CTA has two key insulation components other than the nozzle insulation, .nese are the 
forward closure and the case insulations (shown in Figure 83). Each insulation has somewhat 
different operating requirements. The forward closure must not only direct the giuter gases into the 
Sch«5ber. but it must also resist bum through tendencies created by both the .gniter gases and 
Se combustion gases in the TCA. The fuel provides the primary case .nsulat.on: howev.r, once the 
fueUs «msumed in any one location, the case insulation prevents localized heat ng and subsequent 
bumthroughs in the case. Silica phenolic is the matenal used for insulation. 

15. FORWARD CLOSURE 

The forward closure shown in Figure 82 is machined from a one-piece forgir^ of 4130 steel 
heat treated to 180,000 to 200.000 psi ultimate tensUe strength. Openings and attachment 
provisions are provided for the igniter, four injector ports, and a pressure tap. Sealing surfaces are 
provided for the igniter and injector interfaces. 
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Figure 83. HAST Motor Case 

The truncated cone configuration provides maximum volume within envelope restrictions. The 
forward closure slidet into the aft end of the motor case and is retained at the forward end of the 
motor case by a shear lip and three set screws. A 3.5-inch diameter igniter case snap nng tits into a 
snap ring groove provide in the forward closure. 

16. OXIDIZER THROTTLE VALVE 

The OTV shown in Figure 81 is rigidly mounted by three support posts to the forward closure 
of the TCA The valve contains all the electromechanical, mechanical, and electronic componente 
required to control the flow of oxidizer (from the supply of IRFNA at the inlet to the CTA) in 
response to analog and discrete commands provided by the automatic flight control system (AFCS). 
In addition signal shaping, dynamic compensation, and variable limits are incorporated in the OTV 
to provide protection from an inadvertent quenching (excessive oxidizer flow rate) or starvation 
(insufficient oxidizer flow rate) throughout the mission duty cycle. The OTV has five basic 
operating modes, as described below: 

a. Prelaunch. As vehicle power is initially applied to the valve, the valve is closed 
automatically by internally generated commands. The valve remains closed independently of any 
other command until an ignition command is received. 

b. Start. Within one second from receipt of the discrete OTV start command from the vehicle 
flight control system, the valve provides oxidizer flow to the TCA corresponding to the boost or 
analog jommands present and the density (temperature) of the oxidizer liquid. 

c. Booster. Subsequent to ignition, prior to shutdown and upon receipt of the 'iiscretc boost 
signal, the valve will increase the oxidizer flow rate to the maximum allowed, indeper.uctly of the 
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analog input command. The maximum allowed flow rate is controlled as a tiniü .ntegral of flow by 
the valve in order to avoid quenching of the TCA during the initial seconds of the mission. 

d. Sustain. Subsequent to ignition, prior to shutdown and in the absence of a boost command, 
the valve proportionally controls oxidizer flow rate in response to the analog command from the 
AFCS. Also in this mode, command limiting networks prevent TCA quencliir.g throughout the 
bum. Oxidizer flow is controlled by the analog sustain command until a discrete shutdown 
command is received. 

e. Shutdown. Upon receipt of a discrete shutdown signal from the AFCS, the valve will 
automatically close independently of any boost or analog command present. Tht valve will remain 
closed until another ignition command is received. 

The function of the mechanical assembly is to convert the applied electrical energy to 
mechanical energy and position the flow metering pintle with respect to the seat. The electrical 
energy is converted into rotational mechanical energy by a torque motor. The rotational motion is 
then translated into rectilinear motion through a ballscrew and nut assembly. As the flow metering 
pintle is attached to the ballscrew shaft, any motion of the shaft is imparted to the pintle. Precise 
positioning of the pintle is achieved by a feedback potentiometer which provides a positioning error 
signal to the electronic assembly. 

The electronic assembly of the OTV provides electrical drive to the torque motor in proportion 
'4.o an error signal derived from comparison of command and feedback voltages. Additionally, the 
electronics provide the dynamic compensation required for valve damping and stability margins. 
Th° assembly also provides the control logic and sequencing required pno* to ignition, during boost, 
durii.«! sustain and during engine shutdown. 

The electronics are contained in a housing constructed of stainless steel and designed to 
interface with the mechanical assembly and mounting interfaces. 

17. COMPONENT TESTS 

Development testing was conducted on each of the major compunenia Ln me ptupimiun syatcm 
prior to system testing. The test program was minimal in nature, consisting of only tests deemed 
absolutely necessary to initiate system testing. Qualification of components is not planned until 
after the fli,, 't test program. 

a. Muli ' "< Valve and First Stage Regulator. Extensive testing has been completed on 
the multifunci.. 'eading to several design modifications required to maintain the proper 
regulation band, A SüI.„ if the basic tests is shown in Table XXXI. The multifunction valve was 
not able to pass qualifii,. tests at -65" F. The low temperature requirements were relieved to 
35°F for the flight test progiiiu. 

All multifunction valves and first stage regulator sets are acceptance tested by installing the sets 
on a GN2 prepressurization subsystem and simulating a flight duty cycle with regulated pressures 
and flows recorded. Acceptance test results were excellent once the final design was established. 

b. Or*. . .. ri*.'« '."..a oxidizer tank testing consisted of IRFNA ullage and flow tests as shown 
on Table XXXII. The primary item resulting from these tests was that the tank cannot be used after 
storing with residual IRFNA. When tanks were used more than once during system tests, they were 
filled upon completion of the test. 

c. Tension Screen. Initially the tension screen was tested individually as shown on Table 
XXXIII. These tests were found to be invalid due to air exposure not representative of the 
enviroi.ment in which they would be used. Subsequent testing consisted of that described in 
oxidizer tanks in the preceding paragraph. 

d. Start Valve. The start valve required a minimum amount of development tests as shown on 
Table XXXIV. Basic pressure tests showed no leakage problems and pressure loss during flow was 
negligible. 
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e. Free Siphon. The original free siphon design was similar to the final design Previously 
described except the bellows diameter was 1.60 inches and the suspended angle was 135 . This 
design resulted from numerous preliminary tests involving bearing type siphons which encountered 
severe leakage problems, especially over a nominal temperature range. 

TABLE XXXI. MULTIFUNCTION VALVE TESTS 

Tests 

Functional 

Pressure Regulation 

Pressure Regulation 
Band 

Pressure Regulation 
Band with First 
Stage 

Results 

Start valve portion 
operated satisfactorily 
using a Mark 44 pressure 
cartridge. 

Regulation was 50+5 
psigat 12.0SCFM. 

Regulating band over 
the flow range of 1.0 
to 8.0 SCFM was 
extremely wide. 

Regulation band of 53-73 
nsig over flow range of 
1.0 to 8.0 SCFM. 
First stage band was 
260 to 380 psig over 
fir»™/ ronrrn r»f ^ Q tO 

lÖ.OSCFM. 

Comments 

Per specification at 
this time period. 
Would not maintain 
this pressure level 
at low flow rates as 
discussed under OMA 
tests. 

Add first stage 
regulator to eliminate 
effects of inlet pres- 
sure on regulation band. 

Per specification. All 
testing conducted at 
ambient temperature. 

TABLE XXXII. OXIDIZER TANK TESTS 

Test 

Ullage 

Ullage 

Flow after exposure to 
temperature cycles of 
Tests 1 and 2. 

Results 

Extreme increase in ullage 
pressure at ambient temp 
after cycle of ambient, 
-€50F,+165°F, return 
to ambient. 

No increase MI ullage pres- 
sure at ambie. - after cycle 
of ambient, -20° F, return 
to ambient. 

Tension screen pressure 
drop four times that 
predicted. 

Comments 

Disassociation of 
IRFNA at high temp. 

Reduce temperature 
extreme limits. 

Corrosion severe at 
+165° F. Repeat 
tests. 
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TABLE XXXII. OXIDIZER TANK TESTS (Concluded) 

Test F «ults Comments 

Flow test at ambient Tension screen pressure 
drop of 10 psidat 3.6 
lb/sec. 

Acceptable. 

Flow U?st. soak 72 hrs. 
at+125"F. 

Tension screen pressure 
drop of 10 psiri at 3.6 
lb/sec. 

Acceptable. 

Flow test at ambient Tension screen pressure 
drop of 8 psid at 3.6 
lb/sec. 

Acceptable. Repeated 
5 times. 

Flow test after residual 
storage for one week. 

Tension screen pressure 
drop doubled. 

S1"'       nks only when 
.  ■  ^ or properly 
cleaned. 

Flow test after residual 
storage and cleaning. 

Tension screen pressure 
drop of 8 psid at 3.6 
lb/sec. 

Documented flush 
procedure is 
acceptable. 

TABLE XXXIII. TENSION SCREEN TESTS 

Test Results Comments 

Storage No increase in pressure 

IFRNA'at 1250F"" 

Storage 13% increase in pressure 
drop after two weeks in 
IRFNAatl250F. 

Storage Extreme increase in pres- 
sure drop after one month 
inIRFNAatl250F. 

Screen was exposed to air 
between storage and pres- 
sure drop testing, allow- 
ing any buildup on screen 
to dry and harden. All 
subsequent screen tests are 
to be in the oxidizer tank 
under proper environment. 

Manufacturing was the primary problem init'ally, but once tooling was developed the siphon 
could be made according to schedule. The testing summarized on Table XXXV indicated the design 
was adequate. System tests defined later in this report will define the problems later encountered 
with this design which eventually led to the configuration defined in Section III. 
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TABLE XXXIV. START VALVE TESTS 

Test 

Functional 

Functional 

Functional 

Results 

Shear piston forced thru 
valve housing. 

Shear piston forced thru 
valve housing with Mark 44 
cartridge 

Valve operated properly 
using an impact absorber 
(nylon tapered plug). 

Comments 

Change from Mark 45 
pressure cartridge 

Install impact 
absorber 

TABLE XXXV. FREE SIPHON ORIGINAL DESIGN TESTS 

Test 

Pressure Drop 

Flexibility 

Vibration 

Storage 

Start transient 
using solenoid valve 
to initiate flow. 

Results 

Less than 0.5 psid through 
bellows 

No measurable effect at 
-65oFand+140°F 

Vibrated to MIL-STD-810B, 
Fig. 514.1-4, Curve C 
without damage. 

Stored in IRFNA one week at 
ambiem lemp. and Lwo week«. 
at+125°F withno 
degradation. 

Siphon floated during fill 
but sank upon pressurization 
of tank, only minor movement 
observed during start 
transient. 

Comments 

Siphon design is 
satisfactory. 

f Ducted Power Unit. A series of development tests was conducted on the DPU at the vendor 
(TheMarquardt Company). These tests are summarized in Table XXXVI. The major objective of 
these tests was to document the turbine, alternator and pump performance and to finalize the speed 
control design. 

A preflight rating test (PFRT) program was conducted on one PFRT DPU to demonstrate 
endurance, cold start-up, ambient start-up and simulated duty cycle operation. Fifteen hundred 
startup cycles were accomplished at ftmbient conditions. These tests simulated the launch sequence 
that will be used during flight test. Total run time for these tests WBL seven hours. Two hot air runs 
at sea level and one at altitude conditions were conducted with the same unit to check out the 
altitude and heating facUity which totaled four hours of run time. The test condition runs are 
considered to be more severe in terms of total heat input than those which the unit will encounter 
at the Mach 4.0, 90,000 feet flight condition. The sea level runs were made at 425 F and 690 F. 
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The altitude run was conducted at 63,000 feet and 650°F. Total heat input during each of these 
tests was approximately 4 times that expected during ti.j Mach 4.0 mission. The combined tests 
above gave a total endurance time of 11 hours and in addition the unit was acceptance tested a total 
of one hour. 

The PFRT unit was then cold soaked at sea level pressure conditions for 24 hours at -50oF. The 
DPU altitude facility was set at Mach 1.5 at 50,000 conditions and a launch signal input was given. 
Alternator voltage rose to 27.9 VDC and the speed control started regulation. Within a 5-second 
period, output voltage dropped to zero and the test terminated. The unit had failed and was 
severely damaged. This resulted in a full failure analysis including a full review of the basic c'.esign. 
Failure was attributed to ice buildup on the turbine wheel from the facility causing an unbalanced 
condition which resulted in a wobble of the turbine wheel. This resulted in excessive loading of the 
turbine wheel attach bolt which failed in tension. The design modifications resulting from this test 
were minor and the balancing procedure was changed to one whereby the rotating assembly is never 
touched once balancing is complete to assure proper balance is maintained in the final assembly. 

The PFRT unit was rebuilt and subjected to a more realistic cold test procedure which 
consisted of running after a two-hour stabilized condition at -50° F. The test installation was 
identical to that previously used; however, provisions were made in the setup to blow down facility 
air trapped upstream of the butterfly valve eliminating the possibility of introducing wet air into the 
unit at the start of the test. The unit was soaked for an additional two hours and 15 minutes at 
which time start-up was initiated. At the start-up condition, cell ambient and bearing temperatures 
were -55°F. The test consisted of a 30-ampere load only, a five-minute run, to simulate altitude 
cruise operation followed by a high power run with full pump load for an additional six minutes. 
No problems were encountered and normal operation was observed during the test. Start-up was 
smooth with no evidence of drag or hesitation. Control response to the start-up transient was 
normal with a minimum of speed overshoot evident. 

TABLE XXXVI. DUCTED POWER UNIT DEVELOPMENT TESTS 

Test 

Performance mapping of pump, 
alternator, and turbine 

Results 

Speed control development 

Speed control at sea 
Level and 65,000 feet 

Pump performance as predicted, 
alternator output 28.0 ±0.5 
volts at 45 amps, no leakage 
through viscoseal. 
Forward alternator rotor 
magnet for star*-up failed 
in fatigue. DPU had operated 
9 hours prior to failure. 

Comments 

Tests conducted 
with S/N 0001. 

Speed control at-650F 
to+ 160° F 

High temperature 

Satisfactory speed control 
operation control band of 
±1.6 percent. 

Greater than 10 percent 
drift. 

Eliminate magnets 
and use external 
power for excitation 
during start-up. 

Unit performed satisfactorily 
at bearing temperatures 
higher than predicted. 

Compensation added 
and drift reduced 
to 0.15 percent. 

Three simulated 
duty cycles were 
run. 

Following completion of the cold test, the test facility installation was modified for hot 
running. All electrical lines were insulated and protected from the high temperature environment 
Three typical duty cycles at elevated temperature were successfully accomplished. The altitude 
during this testine was 63,000 feet which is the limit of theiac&ty-VJsid and temperatures observed 
were 670° F, 600^ and 690° F. The duration 0^^^« extended sScTthaTtouT^ 

imatel£-4-trmes that expected during the Mach 4.0 mission. 
 _.„       .     ,     wvw       ■ u..,j      WV/       *     .       IHK,     I 

input during each test was approxir 

157 



DurinK the fourth run, a rapid rise in turbine end bearing temperature was noted and the test 
terminated. Examination disclosed a turbine tip and generator rotor rub, and the onset of incipient 
bearing failure due to a loss of lubrication. 

Problems were encountered during propulsion system proof testing and P^pnlsion system 
PFRT with the rotating assembly building up with contamination subsequent to each test Several 
cleaning methods were tried during the test program to establish a suitable procedure and eliminate 
expensive refurbishment costs. 

The last three propulsion system PFRT were conducted with the same DPU without any 
damage demonstrating a successful shutdown procedure. This was accomplished by letting the GNj 
p^Sruation subsystem bleed down to 10 ps.a or less with the DPU st Jl ninn.ng and the cell at 
altitude conditions. The cell is brought to sea level conditions with the DPU running. On« atsea 
level the DPU no longer has sufficient air to operate. This same sequence of events will occur during 
a normal flight and refurbishment of flight DPU's should be at a minimum. 

e Oxidizer Throttle Valve (OTV). A series of tests were conducted on the OTV electrical and 
mechanical portions of the valve by the United Technology Center (UTC). The objectives of the 
OTV electronic components assembly breadboard testing were to: 

• Verify circuit continuity 

• Determine noise levels at assembly interfaces 

• Determine sensitivity of individual circuits 

• Demonstrate input/output relationships 

• Demonstrate operation of command/control logic 

• Demonstrate voltage and current levels at primary points 

• Verify math model parameters. 

With »h» ovn»r.tinn on thp nnnlm» buffer amnlifier and the error compensation network, no 
siimifirant" problems "were encountered. Design changes to the analog buffer amplifier were made 
and verified to correct a DC shift due to common inputs. Design changes were made to the error 
compensatior, network and verified to correct a transfer function. 

The OTV was flow tested with Freon 113 to determine its flow characteristics. Tests were also 
conducted to define the frequency response, transient response to step command, hysteresis and 
resolution The results were used to derive the flow equation as functions of command voltage and 
pressure differential and update the math model. The flow rate was, by necessity, described by two 
equations. This was found necessary because the fluid cavitates at low flow rates and does not 
cavitate at high flow rates. The frequency response characteristics of the valve were generally 
predicted. 

The next series of testing was conducted with the preprototype and prototype OTVs consisting 
of the combined electrical and mechanical components. The objective of these tests was to venfy 
the performance characteristics. Testing was succeasfullj completed with resolutions of all observed 
problems. Significant problem areas were as follows: 

• Failures of power amplifier and regulator microcircuits due to improper bonding to 
mounting brackets. 

• Slow OTV dynamic response at low temperature due to type of bearing lubricant. 

• Abnormal motor voltage waveform and power consumption at low temperature. 
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•     Excessive feedback potentiometer noise dunng exposure to vibration.     / 

Design and/or procedural corrections were taken in all cases to assure ö? . T operations of 
flight hardware. / 

Temperature extremes during this program were -65aF to +165^F. Vibration was per 
MIL-STD-810B, Figure 514-1-4, Curves Q and AH. / 

h. Thrust Chamber Assembly (TCA). A senes of 30 heavyweight/thrust chamber assemblies 
were tested by the United Technology Center to demonstrate the propulsion system performance, 
test component materiali; and evaluate component configurations. The heavyweight configuration 
consisted of the case, forward closure and nozzle assembly each using heavy wall construction. 
These were used to minimize the hardware requirement, each being used for several refurbishments. 
Oxidizer flow was controlled by external solenoid valves and metering onfices until Test No. 23 
wh?n the OTV was added to the system. A nummary of these tests is contained in Table XXXVII. 

/ 
i. Igniter. A series of igniter tests was conducted. These tests are suirmanzed in T^ble 

XXXVIII. 

j. Injector. The testing conducted for the selection of the injector configuration is 
summarized in Table XXXIX. 

TABLE XXXVII. HEAVYWEIGHT TCA TEST SUMMARY 

Test Number Test Objectives Test Results 

1 Obtain data on ignition 
characteristics, nozzle erosion, 
injector flow patterns, fuel 
regression and internal ballistics. 

Nozzle development was 
required to decrease 
erosion. 

2 Obtain data on ignition 
characteristics, nozzle erosion, 
injector flow patterns, fuel 
regression and internal ballistics. 

Further nozzle evaluation 
indicated. 

3 Obtain data on ignition 
characteristics, nozzle erosion, 
injector flow patterns, fue! 
regression and internal ballistics. 

Tungsten was ruled out 
as a throat material. 

4 Case insulation material, nozzle, 
and injector evaluation. 

The case insulation being 
evaluated bumed through 
causing early termination 
of the test. Further nozzle 
development was also indi- 
cated to reduce throat 
erosion. 
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• Number 

10 

.t A 
XXVII. HEAVYWEIGHT TCA TEST SUMMARY (Continued)  

Test Objectives 

Case insulation material, nozzle, 
and injector evaluation. 

Obtain data on nozzle erosion, 
nozzle, efficiency, injector flow 
patterns, fuel regression and 
internal ballistics. 

Obtain data on nozzle erosion 
nozzle, efficiency, injector flow 
patterns., fuel repression and 
internal ballistics. 

Obtain data on nozzle erosion, 
nozzle efficiency, injector flow 
regression and internal ballistics. 

Case insulation material evalua- 
tion Obtain data on nozzle 
erosion, nozzle efficiency, fuel 
regression and internal ballis- 
tics. Demonstrate the effect of 
a fuel rich boundry layer at 
the nozzle throat. 

Case insulation material evalua- 
tion. Obtain data on nozzle 
erosion, nozzle efficiency, fuel 
regression and internal ballis- 
tics. Demonstrate the effect of 
a fuel rich boundry layer at the 
nozzle throat. 

Test Results 

A case insulation material 
being evaluated burned 
through. The Mod 11 injector 
eliminated due to impingement 
in the nozzle area. The Mod 
I injector to be used on 
remaining tests with grain 
configuration and insulation 
changes m de to compensate 
for injector effects. Further 
nozzle development was also 
indicated to reduce throat 
erosion.   

Improved nozzle entrance section 
and material using 8882 griphite 
indicated improvement in nozzle 
design. Lew entrance half an^le 
increased overall erosion. 

Improved nozzle entrance section 
indicated improvement in nozzle 
design over previous tests. 

Improved nozzle enü .nee section 
indicated improvement in nozzle 
design. 

Resu'ts indicated a different 
grain configuration was needed to 
increase propellant consumption 
and also combat injector effects. 
Silicon case insulation appeared 
to withstand bum-through belter 
than glass insulation. The nozzle 
erosion was less than previous 
tests indicating an improvement 
in design. 

The asbestos case insulation did 
not restrict bum-througH as well 
as the silica which had a more severe 
duty cycle. A decision- was made 
to use nilica phenolic.case insula- 
tion on remaining tests. Placement 
of fuel to provide a fuel rich 
boundry layer appeared to reduce 
nozzle erosion. 
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TABLE XXXVII. HEAVYWEIGHT TCA TCST SUMMARY (Continued) 

Test Number Test Objectives Test Results 

11 Obtain data on nozzle ension 
and efficiency, TCA performance, 
axial fuel regression and inU mal 
ballistics for a nominal boos, 
duration of 112.5 seconds. 

The fuel rich boundry layer signifi- 
caruy increased nozzle efficiency. 
Further development was indicated 
to reach an optimum grain configura- 
tion to increase combustion efficiency 
while maintaining nozzle efficiency, 
and case protection. 

12 Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial regression and internal 
ballistics. 

The fuel rich boundry layer signifi- 
cantly increased nozzle efficiency. 

13 Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial regression and internal 
ballistics. 

Nozzle results were similar in No's. 
11 and 12. Injector A p was lower 
than previous tests and performance 
was aov/n below that on test No. 12. 

14 Obtain data on nozzle erosion 
and efficiency, TCA performance. 
axial fuel regression and 
intemr 1 ballistics for a nominal 
boost duration of 75 seconds. 

Large stacks of pyrolytic graphite 
washers in the throat proved satis- 
factory. The grain configuration stül 
requires change to increase the 
combustion efficiency. Forward end 
flooding was believed to have 
occurred. 

15 Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial fuel regression and internal 

The fuel and case insulation sleeve 
provided full protection to the case. 
Forward end flooding was believed to 
h;   e occurred. 

16 Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial fuel regression and internal 
ballistics. 

The unbonded noziJe throat washers 
used in test No. 15 proved to be 
better than the bonded washers from 
test No. 16. A composite forward 
closure proved to be better than the 
unitary graphite phenolic design. 
Forward end flooding was believed to 
have occurred. 

17 Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial fuel regression, com- 
bustion efficiency and internal 
ballistics. 

The flight type igniter successfully 
ignited the TCA ar-J the nozzle, also 
a flight type, was near optimum. 
Imector Ap was slightly lower than 
normal. 

18 Obtain dau on case insulation, 
nozzle erosion and efficiency, 
axial fuel regressioss, com- 
bustion efficiency and internal 
ballistics. 

Thermal data indicated the composite 
forward insulation performed as 
predicted. 
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TABLE XXXVII. HEAVYWEIGHT TCA TEST SUMMARY (Cantinued) 

Test Number 

19 

20 

21-R1 
(Test 22) 

23 

21 R2 

Test Objectives 

Obtain datr on case insulation, 
nozzle erosion and efficiency, 
axial fuel regression, com- 
bustion efficiency and internal 
balliitics. 

Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial fuel regression, com- 
bustion efficiency and internal 
ballistics. 

Obtain data on case insulation, 
flight-weight design forward 
closure insulation, nozzl" erosion 
and efficiency, axial fuel re- 
gression, combustion efficiency 
and inurnal balltotici. 

Test Results 

Improved combustion efficiency and 
acceptable nozzle erosion indunted 
the TCA configuration is near 
optimum. 

The duty cycle and nozzle were the 
sone as test No. 17. The combustion 
efficiency was better on No. 20 than 
No. 17. Injector Ap was higher. The 
fuel at the nozzle entrance did not 
protect the nozzle as well as the 
configuration used on No. 17. 

Ignition flooding and a performance 
drop-off at 34 seconds into the firing 
was observed. The least nsk approach 
to corrtct the performance problem 
was in change the forward fuel billtt 
to increase ignition and combustion 
recirtulation in the forward end of 
the TCA. The injector Ap was lower than 
normal during this test. 

Obtain data oi. case insulation, 
flight-weight design forward 
closure insulation, nozzle 
erosion and efficiency, axial 
fuel. 

Demonstrate CTA thrust control 
by varying OTV coinmands and 
therefore oxidizer flow rat*. 

Obtain data on case insulation, 
nozzle erosion and efficiency, 
axial iuel regression, com- 
bustion efficiency, internal 
ballistics and OTV performance. 

The change made on the forward fuel 
billet corrected the ignition Hood- 
ing problem, but did not have any 
effect on the pertormance drop off. 
Performance d'op off occuned at 42 
w-nnH« »ntn the tf'st. followed by a 
recovery epproximately 20 seconds 
later. The injector A? was again 
much lower than normal. 

Terminate test 45 seconds to 
investigate fuel grain geometry 
injector, and forward cloeure 
insulation effects in the TCA. 

The feasibility of the CTA concept 
was established. The OTV and TCA 
performed together to give smooth 
ignition and a variable thrust duty 
cycle conforming tc all valve com- 
mands. Nozzle results were excellent. 

The test was completely successful - 
no performance drop off occurred. 
The test results and an examination 
of the interior of the TCA substan- 
tiated the theory that combustion 
degradation is related to both the 
injector Ap and the forward closure 
geometry. 
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TABLE XXXVII. HEAVYWEIGHT TCA TEST SUMMARY (Concluded) 

Test Number Test Objectives Test Results 

25 Same as Test No. 23. Thrust was an exact duplicate of 
OTV commands. Injector Ap appeared 
lower than normal. Nczdc results 
were excellent. 

26 Obtain data on case insulation. Higher pressure drop across the in- 
nozzle crouon and efficiency, jectors (220 vs 150 psi) produced 
axial fuel regression, com- good atomization of the oxidizer and 
bustion efficiency and internal resulted in good combustion efficiency 
ballistics. in the TCA. A modified forward clo- 

sure with extended injectors in- 
creased the fuel utilization. Nozzle 
erosion was 0.3 mils/second. 

27 Duplicate the re. 'Its achieved This test established the repeatabil- 
on test No. 26. ity of performance by duplicating the 

performance of test No. 26. Nozzle 
erosion was 0.2 mils/second. 

28 Demonstrate an all boost cap- This was a ouccessful tert which dem- 
ability for a total duration of onstrated the full boost capability 
14f) seronds. of the CTA. Delivered total impulse 

was 154,690 lbs/sec which was one 
percent higher than predicted. Nozzle 
erosion was 1.3 mils/sec. 

29 Demonstrate a boost duty cycle This was a successful test which 
consisting of a nominal boost demonstrated CTA capability and 
thrust of 1200 lbs (vac) and an operation at -55°?. Nozzle erosion 
average sustain thrust of 250 was 0.6 mils/sec. 
lbs (vac» for a total duration 
of 370 seconds after being 
conditioned to -55(F. 

30 Demonstrate the duty cycle of This was a successful test which dem- 

' 

Test No. 29. onstrated CTA capability and opera- 
tion at f 165° F. Nozzle erosion was 
0.1 mils/second. 

TABLE XXXVIII. IGNITER TEST SUMMARY 

TEST OBJECTIVES TEST RESULTS 

1.   Design and perfect an igniter capable of 
igniting a HAST Controlled Thrust Assembly 
(CTA) while physically not exceeding the 
interface envelope stipulated by Beech 
Aircraft, Corporation. 

A successful series of ten igniter tests 
culminated the developemnt of an igniter 
suitable for UEC in the temperature range 
of-550Fto+165°F. 

2.   Develop an igniter which would ignite 
the CTA at extreme temperatures 
(-660Fto+165',F). 
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TABLE XXXIX. INJECTOR TEST SUMMARY 

TEST OBJECTIVES 

Solcct by cold flow testinc. two injector 
confißurations from various injector 
candidates. The two selected confi^iira- 
tions will N; tested in h«»Hvywpi(iht, 
TCA's to determine the preferred 
confißu ration. 

2.   Test and perfect an aeration system 
compatible with the selected injectors 
that is suitable for TCA operation at 
sustain oxidizer flow rates. 

TEST RESULTS 

A successful series of tests led to the 
the selection of a modified FULL JET 
injector and a UTC designed aeration 
onfico. The initial desitm was modified 
for use in the final senes of tests to 
increase the pressure across the 
injector. (Reduction in orifice diameter.) 

18. OXIDIZER MANAGEMENT ASSEMBLY TESTS 

Oxidizer manaRement assembly testing at the Marquardt Company used an assembly consisting 
nf thP OMA h^wwe desenbed earlier intl.is section plus a HAST mid-section for DPU mounting, 
f toUl o^tix SHereTu" Freon 113 was used as the test fluid on Tests 1 thru 5 and water on 
Te t 6 SevelormenT problems on the initial burst disc dcs.gn resulted in its elunination from the 
uS hardware The bu

P
rst disc com thickness was extremely thin for the low pressure hurst and 

^fcSocc^ned during coining, installation, or applicat.on of tank ullage pressure. The size of the 
burst disc was increased which allowed a thicker and stronger com. 

All the OMA components operated properly with the exception of the multi-function valve 
reeulator The regulator was acceptable at the boost now conditions but raised to unacceptable 
pSSs" durinfLtain flow conditiorv,. A design study was conducted and several aes.gn 
modifications made to correct the regulated pressure. 

The tuibine pump, and alternator operated normaiiy with proper aixBuppiy. OMA air supply 
diffiSÄ^ Zcontracto; to make a careful study of the air applies to be used dunng 
propulsion proof and PFRT. 

It was determined the piston in the oxidizer start valve will need to be added to the 
refurtishment S Rfpeated "firings of the same piston tended to deform ,t and make removal 
impossible without damage to the valve housing. 

The tankage compartment concept to control eg travel dunng ni8hVU"Cti°^ PT^ and 

Ap across the tension ccreen was as predicted. Free siphon operated properly dunng all tesU. 

19. PROPULSION PROOF TESTS 

A   oropulsion     ™f  test  series was conductei at United  Technology  Center using  five 
flighfwSf hybrid" propulsion  systems.  The tests conducted  were to demonstrate integrand 
noouScn system performance using the OMA and CTA. Testing involved evjduations of IRFNA 

JimS GN2 fS . DPU performance and control. OTV performance, and TCA coeration and 

performance. 

a Proof Test No. 1. The first hybrid propulsion system proof test was f^^J™?*** 
on 20 July 1972. The test article consisted of the flight configuration OMA and digital logic 
cScuitry us'ed in the HAST vehicle mated to the flight configuration CTA. Turb.ne operation was 
accomplished with the direct c nncct facility compressed air supply. 

A romnlete launch sequence was initiated with the digital electronics including select, launch 
ready. iaunchtommS GVZ start, oxidizer start. CTA ignition, and OTV ignition. The first flight 
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U'st duty cycle was simulated by preprogramming boost cutoff to occur at approximately 38 
seconds from ignition and controlling the OTV directly during sustain. The OTV shutdown discrete 
was initiated from the facility control room at approximately 220 seconds. 

Turbine RPM was between 5 and 10 percent low during boost and sustain due to a speed 
control and facility air supply matching problem. Pump discharge pressure, chamber pressure, and 
oxidizer flow rate were consistent with predicted values for the observed turbine speeds. 

A successful demonstration of the muiti.'unction vaivfi re^ulütor was performed nrior to fpstinp. 
However, due to inadvertent exposure to 1RFNA fumes during filling the multifunction valve was 
replaced by a facility regulator diiring the proof test. Contamination of the multifunction valve was 
caused by the premature rupturing of the burst disc. Development of a new burst disc was near 
completion and incorporated into subsequent proof tests. Post-test inspection of the multifunction 
valve indicated no visible degradation due to the 1RFNA exposure. 

b. Proof Test No. 2. The second propulsion system proof test was completed on 4 August 
1972. A complete launch sequence was successfully initiated with the digital electronics. Boost 
cutoff occurred at 87 seconds. The test was terminated at approximately 290 seconds. 

The multifunction valve (all functions), burst disc, oxidizer start valve, pump. DPU, CTA, and 
digital electronics all performed satisfactorily. 

The following problems occurred during the test: 

(1) Speed control did not regulate properly 

(2) Sharp drop in pump discharge pressure occurred at 209 seconds. 

(3) Poor TCA performance was observed during rustain. 

The cause of the low TCA performance during the second proof test was due to insufficient 
aeration resulting in incomplete combustion during sustain. Since the aeration system used in the 
heavyweight test program consisted of a choked orifice supplied by a constant upstream pressure, a 
similar system was selected for use on the flight propulsion system. This change was incorporated 
by replacing an aeration regulator with the tirst stage regulator and muitiiunction vaive defined in 
paragraph 2 of this propulsion section. 

An oxidizer tank with windows in the aft and next to aft compartments was constructed to 
fully cvaJuate the flow phenomenon associated with the free siphon and determine the diop in 
pump discharge pressure at 209 seconds. These tests indicated the free siphon was affected by GN2 
bubbles when the last tank compartment is being emptied causing the siphon to float to the top of 
the tank. A weight was added to the siphon and expulsion was normal. 

Checkout of the speed control disclosed that the position feedback potentiometer orientation 
was displaced and as a result feedback voltage went to zero as the potentiometer rotated through an 
open segment of the resistance winding. This was reset and normal feedback voltage was noted 
although the unit was found to be controlling below 30,000 RPM. 

c Proof Test No. 3. I'rior to proof test No. 3, an OMA cold flow test was successfully 
completed. The test duration was 440 seconds with a 73 second boost. The test digital electronics 
system was used to sequence the GN2 start and oxidizer start events. Oxidizer flow was controlled 
with facility venturi. The GN» aeration system was isolated during boost allowed to exhaust to 
ambient during sustain. 

All portions of the OMA functioned properly during the test System pressures and turbine 
speed were consistent with component acceptance test data. The butterfly vaJve and speed control 
maintained the proper turbine spee ' after a slight adjustment of the facility air supply during boost. 
Approximately 6 nounds of IRFNA remained in the oxidizer tank at the complet.on of the test. 
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The third propulsion system proof test v/aa conducted on 23 September 1972. A DPU failure 
occurred at approximately 150 seconds after ignition. The first indication of malfunction was a 
drop in pump discharge pressure and RPM. This v/as followed by erratic RPM and a sharp drop in 
alternator voltage. Initial post test visual inspection revealed that one turbine blade was missing and 
several other blades were slightly damaged. The butterfly valve actuator linkage could be moved 
freely by hand from open to close. Prior to the failure, all system parameters appeared normal. 

Examination of the DPU dibdosed that the turbine end generator rotor balance ring hud 
loosened from the rntnr proper The turbine end hearing had failed, and the generator rotor 
laminate stack, at the turbine end, had severe physical damace in the area of its contact with the 
generator stator. Evidence of severe heat was present on only the rotor laminate stack and generator 
stator assembly. 

The loose balance ring, held in place by epoxy only, had caused an unbalanced condition equal 
to 0.1 ounce-inch in the DPU balance assembly. This condition resulted in radial loads far in excess 
of the capability of the turbine end bearing, and caused the bearing to fail. The DPU is normally 
balanced to O.OOb ounch-inch. The DPU balance ring and laminate stack was changed to an all 
welded assembly. 

d. Proof Test No. 4. Proof Test No. 4 was successfully conducted on 30 November 1972. The 
duty cycle was a simulated Mach 3 at 80,000 feet mission. The boost phes« ran for a total of 82 
seconds with an Ovidizer flow rate of 3.55 lb/sec and average chamber pressure of 395 osia. both 
nominal. The sustain phase at an average oxidizer flow rate of 1.25 lb/sec and average chamber 
pressure of 85 psia. The total duration was 253 seconds, slightly less than was predicted and is 
attributed to higher than predicted nozzle erosion. 

Total oxidizer loaded was 492 pounds. All data indicates a highly successful test. Inspection of 
the hardware indicated it to he in excellent condition. 

e. Proof Test No. 5. Proof Test No. 5 was successfully conducted on 1 December 1972. The 
duty cycle simulated the first flight mission. The boost phase duration was 34.5 seconds at an 
oxidizer flow rate of 3.51 lb/sec. The total duration was 234 seconds, slightly higher than predicted. 
The sustained flow rate was an average of 1.55 lb/cec. All performance parameters indicated normal 
operation. Inspection of the hardware indicated it to be in excellent condition. 

f. OMA Testing at AFRPL. Also a series of tests was conducted at Air Force Rocket 
Propulsion laboratory (AFRPL) to assure the system would perform properly at altitude 
conditions. 

A free siphon failure occurred on the firet test during the boost flow portion. The failure was 
attributed to excessive pressure drop across the siphon due to improper clearance between the 
entrance of the siphon and the bottom of the oxidizer tank. This siphon was not a current 
configuration and did not receive an inspection of the siphon clearance during manufacture. The 
second and third OMA tests were performed with the latest configuration siphon and no further 
siphon problems occurred. 

Excessive pump cavitation was observed at high oxidizer flow rates on the next two tests. 
Subsequent bench tests revealed that a facility hand valve located between the multifunction valve 
and the oxidizer tank was restricting the normal flow of GN2 into the oxidizer tank. 

The fourth altitude OMA was conducted at AFRPL and excesaive pump cavitation was 
observed. This problem was attributed primarily to an excessive pressure drop through the tension 
screen due to extended IRFNA exposure. A thorough investigation was conducted to better define 
al! pressure drops ahead of the pump. The following action was taken as a result of this 
investigation: (1) Oxidizer tanks will be thorougnJy cleaned or stored in the full condition before 
each use to insure a rlean 'nsion screen; (2) The burst disc ndepter was redesigned to reduce ths 
burst disc pressure drop; .3) The multifunction valve 2nd st«ge regulator was reset to increase the 
regulated pressure by 10 psia establishing the final band of 53 ■ 73 psig. 
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T..e fifth altitude OMA conducted at AFRPL had all modifications incorporated and the test 
was successful. The results of this test indicated the OMA and test facility were ready for PFRT , 
initiation. 

20. PROPULSION PFRT j 

j 
A   senes   of  nine   propulsion   PFRTs  were conducted at the AFR^L to demonstrate the 

performance of the HAST propulsion system. A summary of the test results is shown in Table 
XL followed by a description of each test and discussiun of questionable data. | 

a. PFRT No. 1. PFRT No. 1 was successfully fired on 10 February 1973. The performance of 
the propulsion system was as predicted. All hardware was in excellent condition with the exception 
of the GN2 first stage regulator. Examination of the regulator indicated an excessive hard seat 
which appeared to have been caused by IRFNA exposure. The data shows the output of the 
regulator was significantly higher than normal; however, it did not affect motor performance. All 
O-rings in GN2 system regulators were changed as part of the refurbishment procedure in further 
tests. Total oxidizer loaded was 420 pounds. The thrust measurement exhibited a large zero shift at 
the beginning of the U st and did not return to the same level at bumout. There was no certainty of 
the zero during the test making thrust questionable. This is further indicated by nominal chamber , 
pressure associated with the low thrust value. ; 

b. PFRT No. 2.  ThesecondaltitudePFRT was performed on 10 March  1973. A free siphon ; 

failure occurred at approximately 19 seconds after launch. All system parameters were nominal prior 
to the failure. The oxidizer flowrate dropped from 3.44 lbs/sec due to the collapse of the siphon and 
remained there for approximately 200 seconds. At approximately 219 seconds the flowrate 
abruptly increased as the Teflon^ ripped, thereby reducing the blockage of the tank outlet. 1 

Tests were conducted by the contractor to establish the failure mode of the free siphon during 
PFRT No. 2. These tests utilized the HAST oxidizer tank with plexiglas windows to observe the free 
siphon. The tank was filled similar to the method used with the IRFNA fill rig. A ball valve was 
used at the tank outlet to simulate the oxidizer start valve. 

The tests were initiated using a new free siphon. An ullage pressure was placed on the tank and • 
fK«    Knll    ifnNfft    r>»-vnnnr4      n"»v,i»l ^+1^»«    n   «^.«^««1    *1," „V. +   r.*****      171 ~...   .......   ..«*   «♦    M    wafA   -i — ..1 ..♦:-. ~   -._,..,„..— ' 
**•*.     *•■—      . fc—. »     Wf.vaB^uf    wHaawAHHua^     M    ..waa«.wa    »aa^aa«   MMAAli.     Aawn      r» tw    tM* b   1*1,   U    * U i«.    a*lli Uld bt ll|£    ^iCDOUIC I 

drops that would be evident during a normal boost. No effect on the free siphon was observed 
during several flow tests. To further simulate flight starts, the line downstream of the start valve was \ 
evacuated, which is the flight condition. Flow tests were repeated and no effect on the free siphon i 
was observed. The siphon could be made to collapse at extremely high flow rates which was not the 
case when failure occurred during PFRT No. 2. 

A scries of free siphon tests using all components of the flight system was conducted at 
AFRPL. A HAST oxidizer tank with plexiglas windows was utilized to obtain movies and videotape 
data on the free siphon. The major objective of these tests was to determine if a physical 
deformation is required for a free siphon failure or if altitude start-up transients cculd cause the j 
failure. 

j 
The test results indicated that the free siphon was deformed during the start-up transient t 

coincident with oxidizer start valve initiation. The deformation was caused by the fluid forces I 
associated with the high velocity of the fluid during the start-up transient. The free siphon did not 
fail during every start-up; however, during those tests where failure did not occur, the tendency 
toward failure was evident. Based on these tests, the following action was taken: l 

(1) A solid tube type siphon was installed in the OMA in order to continue propulsion I 
PFRT at AFRPL. | 
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(2) A quick fix for flight vehicles already cc - „u, ...>,«.■, ..r,^ -i exLiting tank was 
used to determine the feasibility of removing the Teflon® ^rom an installed free siphon. The 
removal was successful and was to be used as a quick fix for vehicles with compatible recovery 
weights. 

(3) Two new siphon designs were investigated. One design (Design B) is similar to the 
former free siphon except the bellows diameter was increased from 1.20 to 2.90 infhes and the 
suspended angle changed from 135" tc 90u . Changes in the number of coils and free length also 
resulted from the increased diameter. The second design (Design A) is a one-degree-of-freedom solid 
tube type with a Teflon® face seal at the swivel joint connecting the stationary and movable tubes. 

(4) Test programs were initiated to duplicate the test results at AFRPL with the former 
free siphon in order to evaluate the new designs without the elaborate setup used at AFRPL The 
free siphon testing conducted at AFRPL showing the free siphon deforming during the start 
transient was duplicated by using two air operated ball valves to replace the start valve and throttle 
valve and evacuating the volume between the two for altitude simulation. 

Design A proved satisfactory during static expulsion tests ari as then flight tested to 
determine lU ability to follow a resultant g vector. The siphon _ H- in the piexig'ass window 
tank which together with a pressunzation source arJ " - , ;. -...^ce were mounted in a light 
aircraft. A movie camera was used to record th* - „.ent and a g meter was used to record the 
negative ,? environment. The siphon followeo me resultant g vector only during the no-flow 
condition. The siphon remained on the bottom of the tank during flow periods of 5 10 15 and 21 
gpm with negative g values of 0.2 to 0.3. Design A was thus eliminated from the test program. 

Design B with a 0.078 inch diameter coiJ wire operated satisfactorily during ten star., ransien^s 
There was no deformation to the coils and flow was unrestricted at boost flow rates. Toe siphon 
was then vibrated according to MIL-STD-810B, Figure 514.1-4, Curve C in each of thr. axes and 
did not encounter leakage. Earlier vibration testing had indicated wear through the heat s inkable 
Teflon« which was initially 0.003 to 0.005 inch thick. Increasing the thickness to the 1. 0 005 
to 0.007 inch eliminated this problem. It was then cooled to -65° F to detenr....' cold 
performance and no change was evident in the flexibility characteristics when compared *o these at 
ambient conditions. 

Design B was then flight tested to determine its ability to follow the resultant g vector The 
siphon followed the resultant g vector under all flow conditions including no flow. The flow rates 
were 5, 10, 15 and 21 gpm with negative g values ranging from 0.2 to 0.3. Design B was selected as 
the final configuration with the first unit being used for PFRT No. 8. 

c. PFRT No, 3. PFRT No. 3 was successfully comolet»d on 3 May 1973. The duty cycle was 
that of the Mach 3 at 80,000 feet mission. AU system components functioned properly. Total 
oxidizer loadsd for this and the remaining tests was 496 pounds. When examining the total oxidizer 
used during each test, it should he pointed out that the best accurccy that can be attained on this 
measurement is ±3 percent. Visual examination of 1RFNA remaining ffter each test indicated at 
least 488 pounds were used during PFRT No. 3 thru PFRT No. 9. 

f li ,PF:P n0! ^ PFIF No- 4 wl,s successfuUy completed on 24 May 1973. A zero shift in the 
facUity load ceU during the test prevented the predicted thrust time history from being followed 
during sustain. Excessive tension screen pressure drops were observed, causing a slight reduction in 
maximum boost flow rates. Post test inspection revealed severe corrosion inside each compartment 
of the oxidizer tank and on the forward surface of the tension screen. The IFRNA temperatur • was 
lost during this test making flow rate corrections invalid. Total oxidizer used, assuming the IFRNA 
at 70, during the entire test resulted in \62 pounds. 

The AFRPL conducted an inhibitor analysis on IFRNA used and determmed the inhibitor content 
to be sufficient. Inhibitor content was originally believed the cause of the pressure drop. 

The history of €»oh tank used at AFRPL was studied indicating that the pressure drop could be 
correlated with the number of cleanings the tank had gone through and that the acid baths were 
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probably etching the tank surface making it more susceptible to corrosion. PFRT was continued 
using tanks that had been through only the original acid cleaning and water flushing. 

A test program was initiated at Beech to verify the correlation between c*™ne™*c°™*™p 
This consisted basically of exposing tank material samples to a various number of 1RFNA storage 
and cleaning cycles and an analysis of the samples and of the 1RFNA. 

The results of these tests indicated the tank corrosion problem encountered dimng PFRT ^ 
not associated with the number of tank cleanings. Subsequent PFRT's ^re conduct^ with a toik 
that had only one cleaning and corrosion was at a mmimum; however, the .^A u^ forJr ^ 
was changed from AFRPL supplied to contractor supplied at this time period. This indicated the 
problem was probably associated with the 1RFNA used rather than the numbe- of cleanings 
completed on each tank. 

e PFRT No 5 PFRT No 5 was successfully completed on 28 June 1973. The duty cycle was 
a Mach 4 at 90 oW fe ,t mission. The data indicates all system ccr.ponents functioned properly. 
The total oxidi2er date was marred during this test h- oad time increments caused by 
instrumentation overheating. An attempt to correct the daia resulted in a total flow measurement 
of 480 pounds. The high flow during boost gives an i-dication of the nozzle erosion associated with 
the long boost. 

f PFRT No 6 PFRT No 6 v/as cessfully completed on 3 July 1973. The duty cycle 
.:..-J. . „ (^-'second boost, v th a -anulated 180° turn maneuver during sustain. The sustain 

data'uoes not ' • 'h» thr-r .ncrease required during the maneuver. Total flow was again in 
question. All componenu... - .uoned properly with the except.on of the first stage regulator wn.ch 
was low This aid not aroear to hinder the performance of the propulsion system because penods of 
sustain flow were in .e ranye where first stage regulator was high enough to provide sufficient 
aeration. 

e PFRT Nu 7 PFRT No 7 was successfully completed on 12 July 1973. The duty cycle 
consisted of an 83^econd boost with a scheduled decrease in now occurring at approximately 50 
second, to simulate a turbine RPM limit condition. First stage regulated pressures were lowduxmg 
sustain. Post test disassembly revealed black carbon like particles in the area of the seat. Theongm 
of these particle« is imcetaln; *owr, spwwl precautions m keeping all GNo lines sealed were 
taken and the problem dio not recur. 

h PFRT No 8 PFRT No. 8 was successfully completed on 28 August 1973. The propulsion 
systerii was soaked at -40"F for 25 hours pnor to the ^^ approximately 1 75 hoi^ elapsed 
between cold soak and ignition and the IRFNA temperature had wanned to -5 F. The duty cycle 
consisted of an 83-second boost and total duration of 260 seconds. This was 8 duplication of the 
Mach 3 0 at 80,000 foot mission which uas earlier conducted on PFRT No. 3 at ambient 
temperature. The duration was approximately 17 seconds shorter than at ambient which was 
expected. 

The first stage regulator was operating below the minimum pressure during the early sustain 
phase followed by a step increase. The multifunction valve regulator outlet pressure started a steady 
decrease at this time and the first stage dropped to an acceptable value. The multifunction valve 
regulator data can be duplicated by assuming there was no flow through it and the ^nk was 
depleted by blowdown of the nitrogen in the ullage volume at that time. Post test flow checks of 
the multifunction valve indicated normal operation and disassembly revealed no anomalies. 

The flow stoppage in the valve was attributed to icing in the regulator or check valve Moist, 
ambient air could have entered the GN2 prepressurization subsystem during fill as several leaks were 
encountered requiring the disconnection of aU lines and heating and cooling of the GN2 bottle from | 
pressurization and depressurization. 

L PFRT No 9. PFRT No. 9 was successfully completed on 13 September 1973. The 
propulsion system'was heat soakeo at +1250F for approximately eight hours on 11 September 
1973, returned to ambient on 12 September 1973, and soaked at +125 F for approximately 10 
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hours orior to the tpst on 13 September 1973. The duty cycle aj?am was a duplication of the Mach 3 
at 80,000 feet missu i conducted on PFRT No. 3. All system components fu ictioned satisfactorily 
during the test. 

j.     Conclusion. The propulsion system completed nine PFRTs and with the modifications 
incorporated during the test program is considered acceptable for the flight test program. 
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SECTION X 

RECOVERY SYSTEM | 

Design development, and testing of the HAST Recovery System was completed during Phase II } 
of the HAST development program. During Phase I a three-stage design consisting of a drogue. ; 
reefed   main    and   fully   developed   main   was   selected   based   on   total  system  requirements. j 
Subcontractors, Irvin Industries. Inc., and Quantic Industries developed the parachute system and , 
safe-and-arm   device,   respectively,   while   Beech   Aircraft   performed   systems  integration   and , 
developed the parachute container which includes the pyrotechnic deployment hatch. »   3 

A series of seven flight tests at the El Centro parachute test facility resulted in the selection of a 
6 9-foot ribbon chute for the drogue and a 43.0-foot ringsail for the main canopy. The use of a -    1 
structural cover to deploy the drogue parachute and heUcopter retrieval were also proven feasible 
during this test program. 

1. INITIAL HAST RECOVERY SYSTEM FLIGHT TESTS 

Subsequent to providing the parachute system integrity and feasibility of helicopter retrieval of 
a parachute of this size, the recovery system was tosted in a vehicle aerodynarmcaLv <imi or to 
HAST so the performance of the parachute and vehicle «uld be ev^t^. Two ^ndpi|«r U^et 
vehicles were modified to provide a HAST Recovery System Test Vehicle (HRSTV) ^^of 
adding a HAST recovery system and an auxiliary recovery capability. The HAST recover>' system 
modular design was incomplete at this time period and an interim design was used to contain the 
parachute system. 

The basic operation of the recovery system is shown in Figure 84. An electrical signal is sent to 
the detonators firing the linear shaped charge and thereby removing the hatch cover The hatch 
cover removes the drogue bag through a cable arrangement and pulls the bag from the 6.9-foot 
diameter ribbon drogue chute upon line stretch. The drogue remains inflated for 8 seconds to 
decelerate the vehicle after which the drogue release mechanism is initiated. The drogue chute then 
pulls the main bag from the main chute at line stretch. The 43-foot diameter nng sail mam « 
initially reefed. The reefing cutters are activated 10 seconds after main deployment for further 
vehicle deceleration, completing the recovery system cycle. The target vehicle is uius reaay lor aenai 
retrieval with land or sea retrieval as back-up. 

The initial flight tests were conducted at Point Mugu and Edwards Air Force Base. A summary 
of these tests is contained in Table XLI. 

1 

2. DESIGN 

This section defines the initial baseline design of the recovery system module ytUizing the 
results of Phase I testing. ModifNations made to this design as a result of Phase II testing are , 
specified throughout the remainder of this section. /      ; 

a     Parachute. As a result of the Phase I flights the fundamental parachute design was / 
considered to be sound. However, as test flights were being conducted, the recovered weight of the      / | 
HAST vehicle gradually increased. This increase was approximately 40 pounds. In order to keep the    / 
descent rate of the vehicle at a maximum of 25 ft/sec, the drag area of the main canopy had to/ • 

'increase and the diameter of the main canopy was increased from 43 feet to 45.5 feet. 11 wa« 
deemed desirable not to increase the weight of the parachute assembly if possible. To trade off this 
increased diameter with weight it was necessary to decrease the strength of some of the elenyints, 
specifically, the engagement network, suspension lines, and radial tapes. Date from Phase I/testang 
mdicated the structural loads to these items were lower than predicted. ) 

1 
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The basic design consists of two parachutes comprising a thr°e-stage deceleration system as 
shown on Figure 85. The drogue anH main parachutes are packed as a module with the drogue pack 
retained in flaps attached to the rear upper section of the main deployment hag. It is held to the 
main pack with retention flaps. An interconnecting cover bridle is attached to a b.eak cord closure 
on the retention flaps and this break cord is separated immed^cely prior to drogue oack extraction. 
The drogue riser is attached to a pin puller disconnect and is attached to the main pack extraction 
straps. 

TABLE XLI. RECOVERY SYSTEM 
FLIGHT TEST RESULTS AT PT MUGU AND EDWARDS AFB 

TEST NUMBER 
INITIATION 
ALTITUDE 

(FT) 

INITIATION 
SPEED 
(MACH) 

REMARKS 

1 -- -• Autopilot Malfunction, 
Vehicle Lost 

2 20,200 0.40 Recovered on Third Pass at 
4,940 Feet 

3 19,800 0.41 Recovered on First Pass at 
10,200 Feet 

4 36,300 0.63 Recovered on Second Pass 
at 8,400 Feet 

5 46,000 0.72 Main Chute did not Deploy, 
Vehicle Lost, Insufficient 
Data for Analysis 

6 19,200 0.40 Recovered on First Pass at 
9,200 Feet 

7 48,500 0.80 Recovered on First Pass at 
9,800 Feet 

8 48,500 0.80 Preniature Main Deployment, 
Vehicle Lost, Drogue Released 
with Shaped Charge Initiation, 
Cortxibuted to Relay Shock 

At drogue release the drogue extracts the main parachute bag from the compartment and pulls 
the bag away from the main at line stretch. 
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DROGUE RISER 

DROGUE AND 
MAIN ATTACH 

COVER 

MAIM PACK 

DROGUE RETENTION 
FLAP 

Figure 85. Parachute System 

The main parachute is a conventioncl tingsaü design with a cross-over network of pickup straps 
for aerial retrieval. These pickup straps are formed as two loops crossing the vent :;H are routed 

haracteristics of the parachute are as follows: 
M< linns JQ r. 

Nominal Diameter, D0 a 45.5 ft 

Nominal Area, S0 1593 ft2 

Drag Coefficient, CQ 0.70 

Suspension Line Length/ 
Diameter Ratio, ls/D0 

1.1 

Ringsail Fullness 5.5% 

Reefing Raüo, (CDS)R; 
(CDS)o 

0.165 

Rsefing Time Delay 10 seconds 

Number of Gn-es, St 36 

The main parachute is illustrated in Figure 86. 
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The di'sign characteristics of Hie CIIDRUC arc as follows: 

Type Conic ai llibbon 

Nominal Diameter, D0 = 6.9 ft 

Nominal Area, S0 = 30.8 ft2 

Drap Coofficicnt, Cj) Ä 0.55 

Niniber of Gores, Z - 8 

Cone Angle = 20J 

Suspension Line Length/ « 1.0 
Diamett-r Ratio, ls/D0 

The component weights of the recovery system arc summarized as follows: 

Drogue i'arachute 2.12 

Dropue Deployp.ent Bag 0.31 

Deployment Bridle 0.18 

Main Kirachutc 29.76 

Main Parachute Riser 0.90 

Main Deployment Bag 2.00 

Reefing Line 0.12 

Reefing Cutters 0.06 

Total Parachute System Weight 35.45 pounds 

The system is packed into a 1527-in3 ei velope which is nominally one-eighth inch smaller than 
the compartment. This is done to accout t for "growth" of the pack during transfer to the 
compartment. The packing density required is 40.1 pounds per cubic foot. 

b. Recovery System Module. The recovery system module consists of the components shown 
en Figure 87. 

(1) Pan and Cover. The parachute pan is required to be lightweight and sufficiently stiff 
for storage for long periods of time without excessive deformation or bulging. These requirements 
were basically met by constructing the pan of rigidized aluminum (sheets with raised diamond 
pattern) bonding two sheets together with the diamond patterns oriented to maximize bending 
stiffness. Three brackets are attached to each side of the pan for attachment to the structural cover. 
The sides have a 3° slope and the back is 14° slope to allow the parachute to be easily extracted 
during operation. 

The cover is a rolled piece of 0.125 inch 17-4 PH stainless steel sheet which is chem-milled to a 
nominal 0.040 inch thickness in the center area leaving an inch wide flange along the perimeter. The 
flange is required for structural loads and fastening the cover to the vehicle. The nominal 0.040 inch 
thickness is a critical number in that the minimum allowable for the loads carried is 0.035 inch and 
the maximum of safe cutting with the shaped charge used is 0.060 inch. The practical tolerance in 
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Figure 87. Recovery Module 
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the cover clu'mmill operation is ! ().ü0,r) 'nch. ConsicJorinc ihvse factors the cover thickness was set 
at 0.0 10 inch t 0.005 inch to keep the thickness as small as possible. 

The cover is heat treated to a very close tolerance, IKO.OOO to 11)0,000 psi ullimate. The lower 
figure is the minimum allowable tVom structural considerations. The upper figure represents aji 
attempt to keep the hnttlencss jf the cover to a minimum. If the cover is too brittle, there is an 
opportunity for it to break up when the shaped charuo initiates and not properly deploy the drotfue 
parachute Attached to the cover around the penmeter of the chem-milled area is a «'.-Tiped 
stainless steel channel, or retainer, into which an explosive linear shaped charce and its noider are 
fitted. The retainer positions th- shaped charge with respect to the cover to define the path of the 
cut and to ensure the charge is spaed for effective cutting. 

I'pon initiation of the shaped charge, sufficient momentum is imparted to the cover for it to 
clear the vehicle by SCVP il feet. The air flow past the vehicle catches the cover as it comes off and 
forces it further up and back. Four cables are attached to *ho cover and to the droijue parachute 
hag. As the cover comes off. :t generates sufficient forces to break ties which hold the drogue bag in 
and to pull the drogue bag out of the pan. The bag is stripped from the drogue parachute at line 
streU'h deploying the drogue. 

(2) Linear Shaped Charge. As was mentioned abovn, the cover is removed by cutting with a 
linear shaped charge. The charge consists of a "V" shaped aluminum sheath into which is packed 15 
grains/foot oi HNS-I1 high explosive. This sheath is then installed in a square Teflon® holder which, 
when held against the cover, sets the stand-off distance from the charge to the co-er. For this 
particular charge and cover material the proper stand-off distance foi optimum cutting performance 
is between 0.032 inch and 0.050 inch. This particular explosive was chosen for its safety in 
handling, beine a relatively insensitive charge, and its stability at temperature, having no 
auto-ignition characteristics. 

(3) Flexible Contained Detonating Cords (FCDC). The shaped charge is initiated by a pair 
of one-watt, one-amperf no-fire detonators which fire into a pair of flexible contained detonating 
cords (FCDC) commonly callefl transfer lines. The core load in the FCDC is also HNS, chosen for its 
safety and high temperature stability. Each end of the FCDJ has a threaded fitting which permits it 
to be mechanically connected to its initiator and to the device it is initiating, tach end has a 
cylindrical tip which has about 1-1/2 grains of HNS packed in it. One tip functions as a receptor, 
receiving the detonation impulse and passing it on to the explosive train, which in tum, passes it on 
to the other tip, the donor. The donor then fires into the shaped charge, initiating it. 

(4) Safe and Arm. For safety considerations, the detonators are encased in a safe and arm 
(S&A) device. The FCDCs, of course, are in the system to connect the S&A to the shaped charge 
explosively. The S&A device shown on Figure 88 is designed with multiple mechanical and electrical 
interlocks so that events must occur in a definite sequence for the detonators to fire and initiate the 
FCDCs. First, the rotor in which the detonators are installed is locked in the safe position with a 
two-position safety pin. The rotor is also secured internally with a solenoid operated pin. In this 
locked position, the detonator circuits are isolated from their connector and are shunted internally. 
In addition, the solenoid circuit is open in this position. When the safety pin is pulled out, the rotor 
is unlocked and is allowed to rotate 13°, where the solenoid pin holds it. At this point the solenoid 
circuit is established. The solenoid requires 28 VDC at 1.5 amperes to operate. When this current is 
applied the solenoid pulls its pin and releases the rotor. The rotor may then move to an 
intermediate test position or all the way to the arm position, depending on whether the safety pin is 
pulled to its first notch or iti second notch. In the first notch, the rotor can move only to the test 
position. In the second notch the rotor can move all the way to the arm position. When the rotor is 
in the test position the uetonator circuits are established, allowing these circuits to be checked and 
the detonator bridgewire resistance to be measured. The detonator circuit is established in this test 
position and the detonators could be initiated. However, in this position the detonators are 45" out 
of alignment with the output ports, and detonator initiation will not set off the FCDCs. 

(5) Load Attach Block. Attachment of the parachute risers to the airframe must be made 
within the constraints of the modular design philosophy. The load bück has loading from two 
different points, the drogue atiich points and main attach point. To do this two pins are secured in 
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thü bottom of the block and two matchinR holes an- drilled in tho strurtunl frame. ose pins will 
then carry load compr .enUs in the axial direction. Then, to carry the vertical loads. id some axial 
loads, three holes are drilled in the top part of the fixture and the correspondmi? poi' in the frame 
so when the block is slipped into place it is secured to the frame with tnree screw In addition to 
these features, the block must incorporate a means by which the drogue riser may be released. This 
is accomplished by lecuring the droRue user attachment with a single pin housed in ? pin puller. The 
pin puller is a hollow threaded fitting in which a pin and piston are encased. A Mark 44 cartndce is 
installed in the case to provide the impulse for pushing the piston, i.e., the pin back into the case. 
releasing the droßu» nst-r. 

3.    Df.VELOPMENT TESTING 

Development testing was conducted on all major components of the recovery system module. 
This testing was completed before a second series of vehicle drop tests were to be conducted at 
Eglin Air Force Base using the final svstcm module design. A summary of these tosts is shown in 
Table XLII. 

The components requiring the most development were the cover and linear shaped charge. 
Several tests were required to determine the proper combination of cover thickness, heat treat, gap 
and energy from the linear shaped charge. Once the proper combination was established, testing of 
these components was consistent and repeatable. AU other components functioned properly during 
the development test program. 

At this point in the recovery development program an inert recovery system vehicle to be used 
for drop tests at Eglin AFB was available for a full system ground test. This all-up system lest 
employed a safeand-arm-device within the recovery module which was installed in the airframe. 

TABLE XLII. RECOVERY SYSTEM COMPONENT DEVELOPMENT TEST SUMMARY 

Cover + Linear Shaped Charge Cutting Characteristics at Ambient. 
■650Fand +1C5°F 

Linear Shaped Charge, Transfer 
Lines «nd Deionators 

Safe and Arm 

Explosive Train Characteristics at 
Ambient, •Ö5"F and ^i65"F 

Gap Testing at Maximum and Minimum 
Tolerance 

Drogue Release 

Pressure Cartridge 

Main Chute Attach 

Operation Using Complete Explosive 
Train at Ambient, -650F, +1650F and 
Altitude 

Demonstrate No Detonation Transfer 
in Safe and Test Positions 

Structural Tests 

Operation Under Various Load Conditions 

Fully Qualified Mark 44 Cartridge 

Structural Tests 

The vehicles' electrical power system was used to sequence and fire all pyrotechnic devices 
including simulated electrical loads for the back-up recovery system. 

This test was sequenced simulating an actual launch mission, i.e., S&A safety pin was pulled, 
vehicle launch pin was pulled (which powered and initiated the clock), in two seconds the S&A 
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the recovery battery. 

The performance of the two safe and arm devices had been satisfactory. Therefore the safe and 
^^iStrSaiS in further .esting. A third tost ™f^^^™^^ 
placed in the recovery section and iU soleno.d c.rcu. tofin^t^o^^f °na

x
t0r

I.f°™d;jr 0
U
laJ 

were wired to a oa.r of extrrnahy rrounted detonators '^f^^.^^^Ji [he aS'S 

Se  release   cartridge.  auxUiary   detonator   fuzes,   and   -^^n^Xt. f 
funcUoned at the proper time. Thus tae recovery sysUrm was ready for flight testing. 

4     INERT DROP TESTS AT EGLINAFB 

Lmcrirogue parachute as the pnmary system, The main, however v. as a 43^-foot rmgsail. identicaJ 

could function if the primary syster. was deployed. 

The flight test plan was to fly four recovery mission» with two R-3 vehicles to P/0^ out thc 

.v.tPm  Al of these tests were to bo flown at the recovery design condit.on, launch at 50,000 fee 
Änmic pressurfof 150 psf. approximately Mach 0.9. Problems encountered dunng the test 
prog^nTcÄ the number of tests to «von. A summary of the« tesU is shown on Table XLIII. 

Five modifications were made to the recovery system as a 'e9^p
of£„^^^^i^ 

demonstrate the readiness stete of the recovery system design. The electncaJ system wmen 
mterfäcos with the lanyard switch was modified to prevent relay contact bounce from 'nter enng 
i^ tuner operation. The drogue nser was strengthened to make it less ^ptab o to «hock 
aiding The M?e-and-arm device was modified for more reliable operation f'^f a."^ 
mSL the effects of corrosion of contacts dunng storage. A lateral engagement line was added to 
SeTin p^achute c^opy to increase the probability of successful engagement when the parachute 
U hU offSr An abL.on shield was added to the mam parachute nser * ™n.na2e the 
posribilUy of cutting the main riser on the compartment edge. At the conclus.cn of ^^en ^ht 
K the recovery system design incorporating the five modificaüons was considered sound and 
acceptable for the HAST night test program. 
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TABLE XLIil. RECOVERY TESTS, INERT VEHICLE 

Test Results Corrective Action 

Drotue Not Rcloascd, tlccoverpd on 
Auxiliary 

Timing Circuit Changed 

Drogue Separated from Vehicl« I^emalurrly, 
Vehicle Lost 

Drogue Riser Designed 

No Cover Separation, R.'trievül on Auxiliary 
Failed, Recovered from Water 

Safe and Arm Designed 
Lc'eral Added to Main Chute 

Nominal Flifiht None ReMuircd 

Two Main Chute Risers Cut, Recovered 
From Water 

Braided Steel Sleeve Added 
to Riser 

Nominal Flifiht, Braided Sleeve was 
Mislocated 

Braided Sleeve Relocated 

Nominal Flight None Required 
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SECTION XI. 

AEROSPACE SUPPORT EQUIPMENT 

HAST Acrospw-e Support Kquipmont consists of all support cquipmi-nt necessary to complete a 
successful mission hut not earned on the HAST vehicle dunn« flirfit. Support equipment required 

ish the various ta.sks are divided into five categories as follows: 
succ 
to aceom 

• Airborne Support Equipment 

• Ground System Checkout 

• Auxiliary Systems Test Sots 

• Line Service Equipment 

• Ground Handling Equipment 

The description and function of the support equipment are discussed in the following 
paragraphs. 

1. AIRBORNE SUPPORT EQUIPMENT 

Airborne support equipment consists of a LAU-96/A launcher, launcher adapter, aircraft 
electrical harnesses and a target control panel in the aircraft cockpit, 

a The LAU-96/A launcher, manufactured by the Breeze Corporation, is the ejection launcher 
used to mount, carry, and air-launch the HAST target from a launch aircraft, The launcher consists 
of a structural framo housing, a trapeze mechanism, harness assembly release hooks and a cartndge 
powered cylinder actuator. Modifications to the LAU-96/A launcher to adapt it to the HAST 
vehicle included relocation of the umbilical connector and lanyard pull mechanisms. 

b The target control panel operates in conjunction with the launcher to apply power to the 
target and give a visual indication of target launch status. The control panel ^^'V'* ho^t

F
d'"^ 

aluminum box with an edge lighted front panel. The panel consists of a power READY and FAULT 
A a SELECT sw.tch which applies warm-up power, a LAUNCH ^ADY^tch that open» the 
ram air turbine gate to put the target on internal power, and a guarded JETiISON switch. The 
LAUNCH READY switch is a magnetic type that returns to the off position should bunch not be 
initiated within three minutes after switch actuation. The FAULT lamp illuminates to inform the 
pilot that the target has a malfunction. Launch cannot be initiated with this lamp .lluminated The 
READY lamp illuminates to inform the pilot that target launch parameters have been met within 
the vehicle and launch may be initiated. Launch is accomplished using the existing weapons release 
provisions in the launch aircraft. 

2. GROUND SYSTEM CHECKOUT EQUIPMENT 

The ground system checkout equipment is that equipment required to assure that all basic 
system« in the target are functioning within specified tolerances required to assure a success^ 
mission. The ground system checkout equipment used in the development program (Hgure »y 
consisU of a set of multifunction test and checkout consoles, a target tilt fixture, a set of control 
surface protractore and a ram air turbine test set. 

a. The test and checkout console set consists of three upright rack and panel consoles 
interconnected by wire harness assemblies. The equipment is functionally grouped as follows: 

184 



mßr- A. 
9 

3 ̂^^AVv^v   V 
.^ 
AA- 

W . _5^?wC-3,^—^ 

< 

E I 
5 

4-* 

B 
41 
E 
a 

_o 
> 

Q 
x; 

c 

E 
a 
3 
er 

W 
<-» 
D 
O 
je 
u 

00 

185 

ig mm — ••c- ---"^ ■■< HttM «i.»!   ■■■■. ■^■.|lBiM ■ *>«itiaii M»! »i** m*\ 



• 

Power Supply t'onsolu 

Control and Monitor Console 

• Air Data Console 

The power supply console contains a COampere, 28-volt do power supply to simulate the 
output power of the ran-, air turbine and the power required by the electrical systems of the test 
consoles, a lO-ampcre, 28-volt dc power supply to simulate recovery battery power and two vacuum 
pumps for the air dr.ta simulator. Consols for checking vehicle cartridge wirinß are :iL > on this 
console. 

The control and monitor console contains a dipital multimeter, a frequency counter, two dicital 
clock timers and a strip recorder. The digital read-outs of all vehicle inputs, outputs, and mission 
parameters eliminate any reading errors. The strip recorder give? a permanent record of .'a'::! 
checkout. 

The air data console conUins a pressure source and a quartz manometer/controller air data test 
instrument for controlling the static and pitot pressures required to simulate the flight altitude and 
vehicle Mach number. 

The target tilt fixture, shown in Figure 89, is required to test and cneck the autopilot system 
position and rate components. The tilt fixture is a GFE MDE 3158 hydraulic trailer modified by the 
contractor. 

The control surface protractors are required to accurately measure canard and aileron 
movement and position, also, to correlate control surface attitudes with the electrical oiuput of the 
actuator potentiometers. The control surface protractors, of aluminum construction, incorporate a 
vernier scale capable of reading one-tenth of a degree. To assure consistency from target to target, 
these protractors are mounted on a vehicle usiufe only jig bored tool coordinated holes. 

The ram air turbine test set is required to supply air to run-up and check out the ram air 
turbine, turbine alternator, and power transfer circuits. The turbine air supply consists of sixteen 
high pressure bottles and three manifolds with pressure regulators to provide the proper ma? air 
flow required to operate the turbine. The test set may be operated remotely with a control that 
connects to the test set. 

3. AUXILIARY SYSTEMS TEST SETS 

Auxiliary systems test sets check those systems not essential to vehicle flight. These test sets 
consist of the teiemotry ground station, the beacoii test set, the payload test sets and the command 
receiver test set. The telemetry, beacon and command receiver test sets are necessary to check out 
the interim systems prior to incorporation of the production 1TCS. Power and flight simulation is 
provided to the target from the test and checkout console during the usage of these auxiliary 
systems test sets. This equipment must be compatible with the ground stations at the test site and is 
GFE. Therefore, no detailed description is given in this document. 

4. LINE SERVICE EQUIPMENT 

Line service equipment is used to provide additional tests and to service the target and launcher 
after system checkout and prior to uploading on the launch aircraft. The line service equipment 
consists of the following items: 

• Bridgewire Test Set 

• No Voltage Test Set 

• Launch System Test Set 
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• Nitrogen Kill Coupiing 

• battery Charger 

• Command Control Eox 

• Oxidizer Fill Equipment 

a. The bridgewirc test set is required to test all ordnance items for proper resistance and 
continuity prior to installatiun in the HAST vehicle or launcher. An MB Electronics Model 
101-5CFG or equivalent bridgeware test set will be used for the HAST program. 

b. The no-voitage test set provides a method of performing a no-voltage check on the IR 
augmentation, engine, destruct. recovery, and launcher cartridge connectors prior to installation of 
the ordnance items. The set consists of a voltmeter selector switch, sensitivity switch, self-test panel 
and electrical wire harness packaged in a metal suitcase type cabinet. 

C. The launch system test set is used to check the electrical circuitry and operating controls of 
the launching system prior to uploading the tarcet. The launcher test set is installed in a metal 
suitcase typo cabinet. An electrical wire harness interconnects between the t^st set and the launcher 
umbilical connector. The test set provides a go or no-go indication by illuminated placards 
indicating target or launch aircraft functions. Electrical power required for operating this test set is 
furnished by the launch aircraft electrical system through the launcher umbilical connector. 

d. The nitrogen fill coupling is a manually connected and disconnected fitting that provides a 
convenient means of interfacing between the nitrogen source regulator and the target nitrogen inlet 
fitting for filling and bleeding tne target nitrogen tank. 

e. A battery charger is required to charge the command/recovery bpttery prior to uploading 
the target. 

f. The mission control panel is a table mounted console with an inclined front panel. The 
command switches are functionally grouped and placarded to correspond with the target functions 
wiiich iiiciuue recuveiy, engine, payiuaua, vemcit: iuiictiuiü (inaiieuveia) uuü ueaüiiig CöliuOl. Tiicsc 
functions are discussed below: 

• Recovery. The recovery portion of the panel contains the RECOVERY, START, DROGUE 
RELEASE and RECOVERY INHIBIT switches. The RECOVERY START switch will 
initiate recovery regardless of vehicle speed or altitude. The DROGUE RELEASE switch is 
a backup for the automatic drogue release function. When activated, the RECOVERY 
INHIBIT switch excludes any recovery. 

• Engine.The ENGINE SHUTDOWN switch closes the target OTV which shuts off oxidizer to 
the engine. 

• Payloads. Payloads include IR, VMDI and RF. The Vector Miss Distance Indicator (VMDI) 
is calibrated by placing the VMDI switch to the TLM CAL position. The VMDI is started 
by placing the VMDI switch to ON. Jet Engine Modulation (JEM) is simulated by placing 
the RF switch ON. Infrared (IR) augmentation is started by placing the IR switch ON. 

• Vehicle Functions. The vehicle functions portion of the panel contains the TURN START, 
SPEED CHNG and ALT CHNG switches. When actuated, the TURN START switch starts 
whatever tum has been programmed into the target. All other turn start times are excluded. 
When actuated, the SPFED CHNG switch will cause .he target to increase to decrease speed 
by 0.5 Mach. This function will not exclude programmed target speed changes. It may only 
be used once, however; and then from fast to slow or slow to fast. The target may be made 
to climb or descend by 5,000 feet by actuating the ALT CHNG switch. Use of this switch 
excludes any programmed altitude changes. Like the speed function, it may only be used 
once and from down to up or up to down. 
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.     Headin« Control. The HKADING CONTROL porUon of the control^ 

UPDATE switch and laup ^^^^^ ^ ^^n, w.U bo held 

rÄTÄ™r sw^h ^ Md^Hh^ LE^or RIGHT. Any cc^d he,d in 
longer than three seconds will exclude target oro^ammmg. 

.      Power On. The power on (PWR ON) switch controls power to the miss.on control p^nel. 

g.    Special oxidker handling equipment is required to ^^^e^c^fp^^^ 
the     -idiz« from its storage conta.ners tc  the   ar.et ox.due   ^.    ^ Zof^US steel 

rnctes0 ^ a^eÄ ^r^^^^^^^r ^ dre.ed in protect.e cloth.. 
while handling the oxiuizer. 

5.   GROUND HANDLING EGU.PMENT 

Ground handling equipment is the equipment used in lifting transporting, or load.ng the HAST 
vehicle. The HAST ground equipment consists of the following items. 

• Transporter 

• Shop Stana 

• Parachute Module Lifting Handle 

• Strongback Hoist Beam 

• Balance Beam 

• Shipping Container 

• Parachute Module Cover 

a.    The transporter is the vehicle provided to move the ^^ 

SÄbS^b^rS u^dtÄ'port the target, with the MJ.4 loader to load. 

h The shop stand provides a means of handling the target during assembly. P«^'^^J 
nigh?' an^disSX The stand assembly consists of a padded cradle assembly and a tubular steel 
stand with lockable swivel casters on the front wheels. 

c Tne recovery module lifting handle is required to install and remove a complete Parachute 
m Ju\e in the^ehS The lifting handle is a padded aluminum strap with handles on each side for 

Ä ThVÄ       attaches to the recovery modul9 mth two captlve fa cners- 
A     TV,„ ,trnn0h ,rk hoist beam is required to provide a safe and convenient means of removing 

h£ mSTple atS provision, for various combinations of tar jet sections and configunUons. 

e The balance beam is a tool required to accurately weigh and locate the vehicle center of 
.rrJtv The beam is a sheet steel and machined part assembly that Pttaches to the strongback beam 
ScriLd ibo^e Sie See beam has a variable po.st hoint with a scale to accurately measure 
the fuselage station of the hoist point. 
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f. 1 ho shippin« lontaim-r M rctiuirH to protect tho Urcet durnR transportation and storage. 
Thi' cninplt'tc f.is'l.n;«' asstnnlilv witli wnnjs. .slainlurrs anci cananls ri'movi-d is packnßi'd in one 
. rati' Ih" mr.ii'lr shippmj; i'oivU.int'r is of wood ronstnictioti with bracing located at the HAST 
r,.mi .it'-a.s. Wliu-lc .itUi'h points a,f shock mounted to prevent dama);«1 dunnc transportation. 
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SECTION XII 

PRODUCT ASSURANCE 

A Produrt Assurance propram was ci'nducled ciurinp 1'ha.se II. Inder »his procram thoso 
ri'liability and safety activitifs star.ed earlier in the development program were refined and 
expanded as more desiin and test data became available. Other activities such as (Quality ^surance 
were initiated and functioned actively during the phase as components and vehicles were subjected 
to acceptance procedures. 

1.    RELIABILITY 

The estimate of reliability was refined during Phase II to include selected vendors hardware. 
Roth the contractor and major component vendors analyzed their hardware using standard failure 
rates and methods in MIL-HDBK-217A. When detail parts li.>ls are available, and end use 
environment is known, an accurate estimate of reliability for electronic items will be possible. 

Reliability goals required for the HAST are 95 percent for preflight checkout and 90 percent 
for overall flight reliability. The overall Tight reliability includes warm-up while aboard the launch 
aircraft, automatic launch-ready checkout, launch, flight and recovery parachute deployment. 

Failure probability of two years storage is tabulated in Table XLIV together with the 
percentage of these failures discovered by the preilight checkout. The preflight checkout discovers 
62 percent of the total storage failure potential. Some failures such as the engine, igniters and 
cartridges are not testable. When the failure probability of r.ontestable items is removed from the 
total, the failures discovered by the pieflight checkout is then 92.6 percent. 

Warm-up of the target components starts when the control panel select switch is initiated. This 
iKho« nnwor to   spin-nr    "" r>«  2r.d  WSHR-US elect 

ram air turbine (RAT) oxk -er pump and generator. 
fnrnHih». nowor to sninuir ■•• r>! and wann-uc c!cctrcr.:co rtnd zl\ the ether ccrr.por.cr.u excepi "«* 

Prelaunch checkout is a continuous self-check which is initiated when the launch ready switch 
is operated. The R/vT spins up and the target is then on its own power. The self-check monitors 59 
percent of possible fni'ures and prevents launch when an out of tolerance condition develops. AU 
failures discovered by this checkout are still counted against overall flight reliability. But, this 
checkout does allow failed targets to be returned to base lather than lost early in the free flight 
phase. 

Flight failure potential for the 4-minute minimum and the 15-minute maximum flight is also 
shown in Figure 90. These flight times include system operation while gliding down to 50,000-foot 
altitude for parachute recovery. Overall reliability includes the flight failure potential and 100 
percent of the prelaunch failure potential. These flight reliabilities are 96.6 and 95.9 percent for 
minimum and maximum flight after no storage, and 96.1 and 95.3 percent after a maximum of two 
years storage. These reliabilities plus the area of expected usage are shown pictorially in Figure 90. 

Reliability to launch when considered separately is 99.2 percent. Thus, reliability foi flight 
given that launch separation has occurred is approximately 0.8 percent higher than the overall 
reliability values stated above. 
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T 
7 8 9 10        11        12 

FLIGHT TIME (MINUTES) 
* ■ 

(PLUS »MINUTES PRELAUNCH ON 
TIME AND LAUNCH) 

Figure 90. HAST Overall Flight Reliability Rate 

Criticality of each of the component, and subiystems wa. calculaUd. Thi* .how« what percent 
of the ÄMur! probability the component or .ystem .8 respon81blc for. System cnt.cahty 
considering maximum storage and length of flight is as foUows: 

TABLE XLV. CRITICALITY OF COMPONENTS AND SUBSYSTEMS 

Automatic Flight Control System 
GFE (RF & IK AugmenUtion, Scoring, and Cartridges) 

Recovery System 
Oxidizer Management Assembly and Tank« 

Controlled Thrust Assrmbly 

Laiincher 
Missile Control Panel 

Structure 

Electrical Power 
Miscellaneous Hardware  

Total 

Percent 

10.8 

15.9 
5.4 

15.3 

30.5 

2.8 

1.4 

0.9 

10.6 

6.4 

100.0 
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2.   SAFETY 

Safety activities- were conducted in accordance with MIL-STD-882 and with established safety 
design and test criteria. The program was monitored to detect and eliminate any hazard or safety 
problem during design and development in order to prevent costly design changes or need for safety 
devices later in the program. 

a. Saf.'ty data was collected and filed using a closed loop data flow system. This system kept 
engineering and management personnel informed on all safety problems as well as the corrective 
action ti>ken. It also generated an adequate safety file which supplied most of the information to 
develop four required documents. These documents are: 

• System Safety Program Plan 

• Explosive Technical Data Sheet 

• Explosive Ordnance Disposal Procedure 

• Hazard Analysis 

A preliminary System Safety Program Plan was prepared outlining the basio criteria for the 
safety effort, safety management structure and safety milestones. In addition, the plan includes 
milestorcs for the completion of hazard analyses, design reviews, data reporting and safety testing. 

The Explosive Technical Data Sheet was prepared and submitted tc the sponsor on DD Form 
1664. The document contains a consolidation of studies performed on all explosive devices in the 
HAST vehicle. The explosive devices are first considered individually and then collectively within 
the HAST system. This data sheet was generated to assist in the assignment of an overall explosive 
classification to the HAST vehicle. It wai also used in establishing a quantity distance table for both 
storage and target maintenance. 

The Explosive Ordnance Disposal Procedure was prepared and published outlining the necessary 
steps to follow to render the target safe in case it is involved in an incident or accident. 

A preliminary Hazard Analysis was performed as the initial analysis task of performing a grosc 
hazard analysis. It was accomplished early in the program to detect weak or unsafe conditions and 
initiate corrective action before the design became firm. The information from this analysis was also 
used in further development of ehe safety design criteria published in a revision of the System 
Safety Program Plan. The arilysis was then expanded to include both a subsystem and system 
hazard analysis and published as the HAST Hazard Analysis. The docurr^nt indicates the target does 
not contain any unacceptable safety problems, and, that it is compatible and safe to use with a 
launch aircraft during the flight tost phase. 

b. The primary safety goal for HAST was for safety to be inherent. Every effort was made to 
design safety into each subsystem rather than lely on a safety device to reduce a potential hazard to 
an acceptable level. Safety features of the HAST include a hybrid propulsion system, two sources of 
electrical power, and a destruct system. A saf/vand-arm device is used in the recovery system. 

The hybrid propulsion system consists of a solid fuel grain and liquid oxidizer. The fuel grain 
^nnsists of 80 percent Lutylrubber and 20 percent plexiglass, while the oxidizer is Inhibited Red 
Fuming Nitric Acid (IRFNA). The fuel grain and oxidizer are not hypergolic and the fuel grain will 
not bum without an oxidizer. This makes the propulsion system inherently safe. 

Other safety features designed into the propulsion system are pressure relief valves burst 
diap.iragms, a manual shut-off valve and the throttle valve in the oxidizer system The IRFNA is 
pressunzed from 3500 psig nitrogen (N2) tank which is regulated to 6 ± 10 psig. The nitrogen 
system is equipped with a hi *i pressure relief valve to prevent over-pressurizing the nitrogen tank. It 
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also contains a lower pressure relief valve to prevent over-pressunzing the oxid.zer tank. In case the 
SSeUs in™ vod in a fire, the oxidizer tank is desigr.ed with a burst d,aphra«m wh.ch w.l rupture 
Sr to oaching burst pressure of the oxidizer tank. Th.s provtdes a controlled release of IRFNA 
father than a mechanical explosion of the oxid.zer tank. When the ox.d.zer tank is pressurized by 
N, after launcTa start valve is opened and oxidizer is supplied to the oxidizer pump of the DPU at 
a.rprox.mately 30 psig. Durin« flight the DPU. powered by external a.r now boost, the ox.d.zer 
f cm GO to 700 psig to the throttle valve. The throttle valve is normally closed and does not open 
unS the motor igniter is initiated. During engine shutdown the throttle valve .s ^n closed to 
prevent any unused oxidizer from entering the motor dunng recovery An added safety feature is a 
shutoff valve located on the start valve. This valve is closed manually after the tarf.'t is recovered to 
provide safe handling prior to purging the oxidizer system. 

Electiical power is supplied to the target from two sources. An alternator is attached to the 
RVT which functions only during captive or free flight. Should the alternator fail, an emergency 
nickel cadmium battery will automatically supply power to the command receiver, recovery and 
S^ctTyTtcms. This assures that the target is always under ground command and can be recovered 
or destructed as necessary under any circumslancer 

The aero destruct system is another safety feature of HAST. Target destxuet is accomplished by 
firing a pressure cartridge in a pin puller which completely contains the total explosive force. The 
pSpulle^ extracts a lock pin from the spring loaded beUcrank system and tje aUerons are fo^ed 
hard over in opposite directions. This puts the target in a high speed roll and it follows a ballistic 
trajectory to impact. 

The automatic flight control system will sense any of the following malfunctions end initiate 
the target destruct sequence: 

• Heading deviation of ± 10 degrees for 30 seconds 

• Los« of target electrical power for a preselected delay 

• Lost of command carrier tone for a preselected delay 

• Jettison from the launch aircraft. 

The target is equipped with a recovery system which is initiated by the AFCS when the flight is 
completed. Tho recovery system is a complete removable module wh.ch requires only external 
arming and firing signals from the ta/get to function. 

The first step in the recovery sequence takes place when an arming lanyardu "tracted from 
the recovery safe-and-arm device (S&A) as the target is launched. This allows the S&A detonator 
rotor to move 13 degrees to a pre-arm position, but «till held in a safe cond.t.on by an electrically 
operated solenoid «top pin. The target performs the entire mission in the pre-armed cond.t.on and 
must sense all of the following conditions before the S&A will fully arm. 

• Time must be greater than ten second» from launch. 

• The motor must ignite and reach operating presaure. 

• The motor must return to ambient pressure. 

• Target must descend below 50,000-foot a'Utude. 

• Target must be at a subsonic velocity. 
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When all these conditions have been m«t, the AFCS will generate a signal that will operate the 
S&A solenoid and the detonator rotor will fully arm One second later the AFCS will generate a 
fire signal which will initiate two contained explosive transfer lines which in tum initiate a shaped 
charge. The shaped charge, a 78-inch long closed loop, cuts out the stainless steel pmachute cover 
which pulls out the drogue chute. Nine seconds later a pressure cartridge releases the drogue and the 
main parachute is deployed in a reefed condition. Two reefing line cutters function 10 seconds after 
mam chute deployment and allow the main to fully open. The target is then retrieved by a 
helicopter with an aerial pickup or recovered after water or land impact. 

During the hazard analysis, target launch conditions were studied to determine if a possible 
hazard might exist to the launch aircraft. A computer study indicated that if the target is launched 
with the canards 13 degrees up or greater, a possible hazard could exist. To assure safe separation 
from the aircraft, the canard setting must be at 0 degrees on the target or it cannot be launched. In 
addition, the AFCS is blocked from the canard actuators for two seconds after launch, which 
assures a safe distance is reached before system activation. 

c. The HAST safety program has met or exceeded all requirements of the Statement of VVorK 
and MiL-STD-R82 during Phase II. All engineering and testing functions have been adequately 
monitored for safety and required safety reports prepared and submitted. Inherent safety has been 
e'esigned into the target and only one safety device is required to reduce a potential hazard to an 
acceptable level. 

At the end of this phase it has been determined that th<; HAST system is safe to handle, store, 
and fly. It is compatible with handling equipment, military storage facilities, and launch aircraft. 
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SECTION XIII 

STRUCTURAL FABRICATION TECHNIQUES 

Operational requirements for the HAST system restricted the ma^ruls which could be used in 
the vehicle structure. Fabrication techniques which could be employed were dependent, in turn, 
upon the materials selected. These materials were not commor. to aircraft airframe construction, 
but the basic philosophy used for fabrication of the structure for the HAST was to adhere to 
state-of-the-art manufactunr.f? processes for the development and test vehicles. In addition »o the 
requirement of meeting close tolerances of a high performance vehicle was the contradictory need 
to provide a low cost vehicle for target use. For the development vehicles the techniques employed 
have provided a balance between costs and the rigid requirements of tho vehicle system. Major 
structural sections of the vehicle are shown in Figure 23. 

1. FORWARD FUSELAGE SECTION 

This section is hot spun from a rolled and welded 17-7 PH sheet 0.160'thick. The material 
thickness is to accommodate good spinning practices and to insure adequate material for subsequent 
fabrication operations. Design criteria was based on past experience obtained by the contractor 
during fabrication of the AQM-37A target vehicle. Even with a good background of chem-millmg 
17-7 PH material, seme difficulties were encountered obtaining th» desired wall thickness. Uneven 
wall thickness developed during the chem-mill process. The inconsistency of etch rate was traced to 
metal working during the spinning operation, and was not completely removed with an annealing 
operation. 

Some difficulties also arose during fabrication of this assembly whe.i calculated growth rates for 
heat treat did not meet expectations. This «ariation from predicted growth has been traced to two 
sources. Different furnaces used during heat treat produce different growth patterns and different 
melts of material have different growth rate. To insure predetermined size, assemblies were assigned 
to the same furnaces, and the raw stock is monitored in an effort to keep all assemblies on a shop 
order manufactured from the sams melt of material produced by the vendor. 

2. OXIDIZER TANK SECTION 

Past experience in dealing with pressure vessels for IRFNA permitted orderly and economical 
development of this section. Existing tooling was used for fabrication of tank ends and fill parts, 
and chem-miUing of the internal surface of cylinders. Weld techniques, both TIG (Tungsten Inert 
Gas) and electron beam, were used for pressure vessels. With the expenence of heat treating of 17-7PH 
material tankage, size could be predetermined eliminating any extensive fabrication development 
programs. 

3. NITROGEN TANK 

To take advantage of current state-of-the-art in metal forming, the two sections of the nitrogen 
tank were origr.allv designed to be formed from a sheet of 0.187"thickness 17-7 PH material on a 
Cincinnati Hydroform. With this method subsequent machining operations would be eliminated. 
Because of lack of machine capacity in tonage for hydroforming and thinning of material in a 
critical area it was necessary to use available methods of hot spinning and mach.nmg. This method 
of fabrication increased the material gage up to 0.250 and added additional machining operauons. 

'Techniques developed by the contractor of electron beam welding both the inner and outer closure 
weld simultaneously resulted in improved quality and reduced costs of the welding operation. 

4. MID-SECTION ASSEMBLY 

The material selected for this assembly is 17-4 PH. This selection offered some manufacturing 
advantages not available in other materials. Advantages included established casting procedures and 
full strength of the material after welding with a simple heat treating operation. The two bulkheads, 
which close both ends of this assembly, are investment castings machined only on critical surfaces 

k »n tut ,m »m^t» mm *» I 



to insure interface wif.h mating components. Considerable effort was expended in working wiu, 
various casting vendors to develop adequate ca.ting and straightening techniques. 

Four skins, which make up the lower half of the fuselage between the casting and the ram air 
turbine cover, are formed from 17-4 PH 0.060 sheet. Preliminary tests condu-t-d indicated 17-4 PH 
material could not be stretch formed using conventional tooling and methods. Because of these 
testa, the skins were designed to be fabncr.ted utilizing power brake and rolls. The casting and ^kins 
are joined by two methods of welding ■- elecLron beam welding and TIG. 

The upper part of this section contains the parachute module assembly. The cover of this 
assembly is the upper outei structure. It is rolled from 0.125 sheet of 17-4 PH and chcm-milled to 
extremely close tolerances in order to meet the material gage required for proper function of the 
shaped charge. Modification of chern-milling techniques and chemical solutions were required to 
meet the extremely close tolerances. 

Attached to the cover is a ring which retains the shaped charge against the cover A series of 
dies were built which permitted fabrication of the retainer ring in one piece, alleviating the 
alternative requirement of welding four pieces and straightening. This one piece assembly gives 
greater assurance that the shaped charge will be held properly in place. 

5.    WING AND VERTICAL STABILIZERS 

A study of industry production facilities revealed few methods available that meet th» rigid 
requirements for the HAST wing. Fabrication processes such as metal bonding and composites were 
m-luded in the study, but present state-of-the-art techniques would not meet the environmental 
reauiremenU. Two method« stood out as acceptable fabrication processes: 

a. Brazed stainless steel sandwich construction. 

b. Fabrication from resistance welded honeycomb stainless steel panel material. 

The second alternative was chosen because of cost. It also offered some major advantages: 

«. TWiiiiK cuoia were lower. Tooling couid be held to soft hardware permitting economical 
development changes to be incorporated as the program developed. 

b. Detail part tolerance could be established permitting use of conventional fabrication 
equipment reducing detail part costs. 

c. Cost timations indicated a more economical wing could be developed with basic 
fabrication me.nods. Techniques of forming and welding closures and structure attachment to 
honeycomb panels of the HAST wing and vertical stabilizer were unknown. Before full 
committment was made, a research and development program was established to define fabrication 
processes Samples of panel were secured and a crush tool was fabricated that simulated a ten-inch 
section of the leading edge. 

When desirable results were obtained from the crushing operation the effort was expanded to 
include cleanmg and welding. Information obtained from this program was used as guidelines for 
final design, fabrication of too.ing, and establishment of weld parameters. 

f..IIvWSf ?Ä IT* ^ ^peration c°uld not be Predicted without flight-weight hardware to 
fcjlly define  ,he tooling. Development of tooling to hold and align the wing occurred over the 

SSltmployrt lmPr0Ve        ailgI,ment of the win8' a straightening process using glass peenmg 

6.   AIRFRAME TESTS 

The airfnmie structure designed and fabricated as described has been subjected to the structural 
testing covered in Section V. All testing requirements have been met. structural 
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A High Altitude Supersonic Target (HAST) is under development by the Air Force 
Armament Laboratory to provide a high performance, air launched, advanced aerial 
target system for trl-service use.  This technical report covers the second phase 
of the multlphased development program.  Final dpslgn of the target vehicle and 
supporting equipment was completed and flight test vehicles and supporting equip- 
ment were fabricated in this phase.  Ground teat programs were conducted on sub- 
systems and coiiipcr.ents.  Acceptance tests were conduc/ted on components and the 
complete vehicle.  Analyses confirmed that the canard-clipped delta wing config- 
uration could meet required maneuvers.  Materials for the alrframe were selected 
which provide a fair compromise of both manufacturing! costs and efficient end 
reliable thermo-structural perlormance rapablllty. Ajhybrid rochet propulsion 
system was specified and test firings have cenfirmed the ignition .•'nd bomt thrust 
capability and that a variable thrust can be obtained by use of an oxxu. rer tnrot- 
tls talve.  To meet maneuvering requirements a free siphon device has been devel- 
oped to provide positive expulsion of the oxidlzer under all vehicle flight condi- 
tions. Maneuvers can be preprogrammed or initiated by radio command and hardware 
computer tle-ln simulations have confirmed the effectiveness of the automatic 
flight control system to control the vehicle throughout the required flight regime. 
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